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% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF
PREVENTION, PESTICIDES AND

TOXIC SUBSTANCES -
MEMORANDUM

Subject: The Weight of the Evidence Evaluation for the Oncogenic
Potential of Imazalil and the Sulfate Salt of Imazalil
Imazalil
Tox Chem Number 497AB
PC Code 111901
Imazalil sulfate
Tox Chem Number 497B
PC Code 111902 ’

FROM: Henry W. Spencer, Ph.D. bé
Review Section 3 ??/ 779
Toxicology Branch 1
Health Effects Division (H7509C)

TO: Esther Rinde, Ph.D.
Manager, Peer Review for Oncogenicity
Science Analysis and Coordination Branch
Health Effects Division (H7509C)

THRU: Karen Hamernik, Ph.D.
Section Head
Review Section 3 Q//7/ﬁ}/

Toxicology Branch 1
Health Effects Division (H7509C)

THRU: Karl Baetcke, Ph.D.
Chief @,-,Q

Toxicology Branch 1
Health Effects Division (H7509C

Attached is a report prepared for the Carcinogenicity
Peer Review Committee on Imazalil and Imazalil sulfate.
Administration of Imazalil base in the diet appears to be
associated with an increased incidence of adenomas at 200
ppm and combined adenomas/adenocarcinomas of the livers
of male Swiss mice at 600 ppm. Female mice have
significant dose-related increasing trends in

hepatocellular adenomas and combined adenomas and/or
carcinomas. There were no significant differences in the
pair-wise comparisons of the dosed groups of females with

the controls.
) 'E HE#IW)EE
\& /e

{}Y  Recycled/Recyclable
Printad with Soy/Canola ink on paper that
contalns at least 50% recycled fiber



-2 -

These incidences of liver tumors in the male mice
exceeded the historical controls of the testing
laboratory.

Toxicology Branch 1 is requesting the Peer Review
Committee to examine the weight of the evidence and to
classify the chemical/s according to the Agency s
guidelines.

Attachment:
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C. Background Information:

Imazalil, 1-(2-(2,4-dichlorophenyl)-2-(2-
propenyloxy)ethyl)-1H-imidazole is an imidazole fungicide
registered on bananas and on citrus for post-harvest uses
and on cotton, wheat and barley as a seed treatment. There
are tolerances for secondary residues in cattle, horses,
pigs, goats and milk. ' -

Imazalil sulfate, 1-(2-(2,4-dichlorophenyl)-2-(2-
propenyloxy)ethyl)-1H-imidazole sulfate presently has no
registered uses.

As a fungicide, Imazalil inhibits the cytochrome P450
l4-alpha demethylation of sterols and prevents the
formation of the essential cell wall component of ergosterol
by conversion from lanosterol.

When Imazalil was reviewed for reregistration purposes
in 1987, it was determined that Imazalil was not adequately
tested for its carcinogenic potential in a 1975 mouse 18
month feeding oncogenicity study (Acc. No. 097233, HED
document 001337, Attachment 7, 9). The study was to be
rerun at doses higher than 400 ppm (see memo of J. Hauswirth
attached, Attachment 11). In a new mouse 100-101 week
feeding study, reviewed in 1994 (MRID 429720-01, Attachment
2), it was determined that Imazalil exhibited carcinogenic
effects. A mouse drinking water carcinogenicity study
completed in 1979 using Imazalil sulfate (Acc No. 099285,
HED document 000057, Attachment 8) showed no convincing
evidence of carcinogenicity at the highest dose tested of 40
mg/kg. An older (1975 or earlier) 2-year study in the rat
performed with Imazalil (Acc. No. 099285 and HED document
001337, Attachment 7, 9) showed only equivocal effects for
toxicity and little to no evidence of oncogenic potential.
These older studies were considered to be minimum data at
the times of their reviews but have been reevaluated and
generally have been found to be insufficient in the testing
regimen.

The Tox Chem Number of Imazalil free base is 497AB.
The Chemical Abstracts Registry Number (CAS No.) is
35554-44-0. .

The Tox Chem Number of Imazalil sulfate is 497B.
The Chemical Abstracts Registry Number (CAS No.) is
58594~-72-2.
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Evaluation of Carcinogenicity Evidence:
1. Swiss Mouse Carcinogenicity Study

Referéhce: Verstraeten, A. (study director)
"Evaluation of the carcinogenic potential of Imazalil base
(R 23979) in SPF Albino Swiss mice", October 13, 1993. [MRID
Number: 42972001, HED document# 011044, dated June 8, 1994.]
Testing Facility: Department of Toxicology, Janssen Research
Foundation, Beerse, Belgium. (Attachment 2)

a. Experimental Design

Imazalil base was administered in the diet to groups
of 50 male and 50 female Swiss mice obtained from Charles
River, France and treated for 100-101 weeks at nominal
levels of 0, 50, 200, or 600 ppm. Dose selection was based
on a 90 day feeding study in mice. Dosing material was
composed_of a mixture of 50% ai added to a mixture of egu -
arce of R
and pelldted for feeding. Actual doses were 0, 6.76, 28

.76, , or

18 NOT INELUDED
iR TNOREDTENT INFORMATION 15
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88 mg/kg/day for males and 0, 8.29, 34.8, or 110 mg/kg/day
for females. Interim sacrifices were omitted in the study
and the animals were either sacrificed in extremis, died on
study or were sacrificed at 100-101 weeks on study. Food
consumption, body weight changes, hematology, and organ
weight data were recorded. Histopathological examinations
were made on all animals available.

b. Discussion of Tumor Data

The histopathological evaluations of liver tumors were
made by the registrant pathologist and, at the request of
the registrant, an independent pathologist. However, based
on the recommendation of HED’s consulting pathologist, L.
Brennecke, HED has chosen to use the evaluations produced by
the independent pathologist who used a nomenclature and
classification scheme which was more consistent with that
currently used by the Agency.

Following the calculation of the qualitative risk
assessment, the L. Brunsman, July 29, 1994 memo (see )
Attachment #1) notes that, "The statistical evaluation of
mortality data indicated no significant incremental changes
with increasing doses of Imazalil in male or female mice. .

Male mice had significant dose-related increasing
trends in hepatocellular adenomas, carcinomas, and combined
adenomas and/or carcinomas. There was a significant
difference in the pair-wise comparison of the 200 ppm dose
group with the controls for hepatocellular adenomas. There
were also significant differences in the pair-wise
comparisons of the 600 ppm dose group with the controls for
hepatocellular adenomas and combined adenomas and/or
carcinomas.

Female mice had significant dose-related increasing
trends in hepatocellular adenomas and combined adenomas
and/or carcinomas. There were no significant differences in
the pair-wise comparisons of the dosed groups with the
controls" (Attachment 1).
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Tables 3 and 4 below indicating the statistical findings are
extracted from the memo of L.Brunsman dated July 29, 1994 on
the Qualitative risk assessment of Imazalil in Swiss mice,

Table 3. 1Imazalil - Charles River SPF Swiss Albino Mouse Study
Male Hepatocellular Tumor Rates* and Exact Trend
Test and Fisher’s Exact Test Results (p values)

Dose m
0 5.0 200 600
Adenomas 5/50 2/47 14*/50 13/48
(%) (10) (4) (28) (27)
p = 0.003" 0.244"% 0.020° 0.027°
Carcinomas 5/50 6/47 6/50 11%/48
(%) (10) (13) (12) (23)
p = 0.033° 0.456 " 0.500 0.072
Combined 10/50 8/47 17°/50 229/48
(%) . (20) (17) (34) . (46)
p = 0.001™ 0.455° 0.088 0.006™

*Number of tumor bearing animals/Number of animals examined,
excluding those that died or were sacrificed before week 53.

"Negative change from control. d
'First adenoma observed at week 55, dose 200 ppm.
’First carcinoma observed at week 72, dose 600 ppm.

‘Three animals in the 200 ppm dose group had both an adenoma and a
carcinoma. '

‘Two animals in the 600 ppm dose group had both an adenoma and a
carcinoma.

Note: Significance of trend denoted at control.
Significance of pair-wise comparison with control denoted
at dose level. q

If °, then p < 0.05. If *, then p < 0.01.
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Table 4. 1Imazalil - Charles River SPF Swiss Albino Mouse Study

Female Hepatocellular Tumor Rates* and Exact Trend
Test and Fisher’s Exact Test Results (p values)

Dose m

0 50 200 600

Adenomas 3/45 3'/48 0/45 7/47
(%) (7) (6) (0) (15)

p = 0.035" 0.630" 0.121° 0.176
Carcinomas 0/45 2/48 2/45 3b/47
(%) (0) (4) (4) (6)

p = 0.103 0.264 0.247 0.129
Combined 3/45 5/48 2/45 9°/47
(%) (7) (10) ' (4) (19)

p = 0.027° 0.394 0.500" 0.070

*Number of tumor bearing animals/Number of animals examlned
excluding those that died or were sacrificed before week 53.

"Negative change from control.
*First adenoma observed at week 83, dose 50 ppm.
PFirst carcinoma observed at week 88, dose 600 ppm. '

‘One animal in the 600 ppm dose group had both an adenoma and a
carcinoma.

Note: Significance of trend denoted at control.
Significance of pair-wise comparison with control denoted
at dose level.

If °, then p < 0.05. If ™, then p < 0.01.
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Non-neoplastic Changes

Hematology: No treatment related effects were observed
in the study.

Body weight: Reduced body weights were reported in
males at the highest dose level (600 ppm) with a 5% to 7%
reduction compared to controls (see table on pp 11). Body
weights of females were reduced from 3% to 5% over the
length of the study and generally only in the 600 ppm group.

Body weight gains were statistically significantly
reduced at 600 ppm in males (see table 5 on pp 12). Weight
gains were also reduced by 6% to 13% in females.

Clinical Chemistry: Reviewers did not consider there
to be any treatment related changes in the study.

Organ Weights: Both absolute and relative liver
weights were significantly increased (+18% absolute and +24%
relative) in males at 600 ppm. Slight increases in absolute
(+10) and relative (+14%) liver weights were observed in’
females at 600 ppm (see table 8 on pp 13). Macroscopic
liver pathology is presented in Table 9 on page 13.

Histopathology: Analyses showed compound-related
increases in the incidence of focal cellular changes of
liver in males of all treatment groups (see table 12 on pp
14). Increased changes were greatest in the HDT (6/60 vas.
1/50 in controls). ‘

Other changes included large vacuoles (1/50 in controls
vs 9/50 in the HDT) and pigmentation (10/50 in controls vs
20/50 in the sinusoidal cells of the liver in males at 600
ppm) . Hyperplasia of the liver was increased in males at
200 and 600 ppm by incidences of 12/50 and 8/50,
respectively when compared to 4/50 in controls.

Females did not exhibit any cellular changes in the
liver (see tables 10 and 12 on pp 15 and 14).

The study in mice produced data such that "At 200 ppm,
males had a significant increase in the incidence of focal
cellular changes, large vacuoles, and swollen sinusoidal
cells in the liver. At the highest dose tested, males also
had a significantly increased incidence of pigmentation in
the sinusoidal cells of the liver and focal cellular changes
in the pancreas, increased absolute (+18%) and relative
(+24%) liver weight, and decreased body weight (-7%) and
body weight gain (-18%). The LOEL of 200 ppm, (28.0
mg/kg/day) is based on the histopathology changes observed
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in the livers of males. The NOEL is 50 ppm (6.76
mg/kg/day). No LOEL was achieved in females (> 600 ppm or
110 mg/kg/day)" (excerpted from executive summary of HED
document # 011044). The study was classified as Core
Minimum.

There were no pertinent historical control data for
this study because of the differences in nomenclature used
by the testing laboratory and the Agency. There were only
concurrent controls with which to compare the occurrences of
tumors in this study. :

TABLE 4. Mean Body Weight Data for Mice Ingesting Imazalil
in the Diet for up to 23 Months2:b

Mean Body Heign:t Data (g) by Dietary Level (ppm)

Week 0 50 200 600
Mates
12 37 37 36 . 35wew
(100) (97 . (95)
FI 41 41 - 41 Zgew
(100) _ (100) T93%)
37 42 43 . 43 . 40*
(102) €102) ' (95)
50 44 bb “ L1wew
. (100) €100) (93)
76 ' 4b 45 45 AL
(102) (102) 93)
99 42 “ ) 42 40*
(98) 100) (95)
- ' females
12 30 31 .30 30
, 103) (100) (100)
25 34 34 33 33
(100) 76} (97
37 36 36 35 35
€100y IIp) : (97)
50 38 18 37 36
(100) - o7 (95)
76 39 » 40 39 38
: (103) €100) 7N
99 33 A 38 37
(105) . (100) 57

. Data extracted from Study No. 219, pp. 43-44,
° Numbers in parentheses indicate percent contral.

* Significantly different from control, p < 0.05
** Significantly different from control, p < 0.01
*=* Significantly different from contrel, p < 0.001
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TABLE 5. Mean Cumulative Body Weight Cain Datz for Mice Ingescing
Imazalil in the Diet for up to 23 Months?P

Body Weight Gain (g) Data by Dietary Level (ppm)

Week 0 50 200 600 T
£ . Males
12 11 11 - 10w guan
(100) (51 _(82)
25 15 18 15 ' 12nee
(100) (100) (80)
37 16 17 ‘ 16 : 14w
: (106) ‘ (100) (88)
50 8 18 ' 18 15een
(100) (100) (83)
76 , 18 . 19 19 15wen
(106) (106) (83)
99 16 15 ' 16 140n
(94) (100) (88) .
Femsles
12 8 8 7 7
(100) (88) (88)
25 11 11 10 10
(100) o (91)
37 13 14 13 12
: (108) (100 (92)
50 15 15 14 13
(100) (93) (87)
76 17 18 16 15 )
. (106) (94) (88)
99 16 18 15 15
(113) (94) (94)

: Data extracted from Study No. 2194, pp. 46-47.
Numbers in parentheses indicate percent control.

* significantly different from control, p < 0.05
** Significantly different from control, p < 0.01
*** significantly different from control, p < 0.001
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TABLE 8. Mean Liver Weight Data for Mice Ingescing
: Imazalil in cthe Diec for up to 23 Monchs?®P

Mean Liver Weight Data by Dietary Level (ppm)

o] 50 200 600
- Males
absolute weight (mg) 2388 + 878 2082 = 611 2402 £ 712 2812 = 1044*
(87) . (101) (118)
relative weight (mg/100 g) 5685 ¢ 1826 5112 ¢+ 1521 5798 ¢+ 1767 R 7060 = 2521%=
_ (90) (10y (124)
Females ]
absolute weight (mg) . 2143 ¢ 627 2264 ¢ 392 ° 2088 2 458 2359 = 1541
(106) . o7 (110)
relaﬁve weight (m§/100 g) 5509 ¢ 1246 5581 ¢ 664 5580 ¢ 1162 6269 & 3745
(101) (101) (114)

: Data extracted from Study No. 2194, p. 72 and pp. 588-603.
Numbers in parentheses indicate percent control.

* significantly different from control, p < 0.05
bl Signif_icantly different from control, p < 0.01

TABLE 9. Incidence of Selected Macroscopic Liver Pathology Findings in
Mice Ingesting Imazalil in the Diet for up to 23 Months?

Incidence of Liver Pathology by Dietary Level (ppm)

0 50 200 600
Males )
Liver focus 3/50 1/50 7/50 7/50
Liver mass ’ 11/50 9/50 21/50 20/50
Liver nodule - 1/50 4/50 7/50 3/504
Females
Liver focus ' 5/50 450 1/50 5/50
Liver mass ' 2/50 6/50 2/50 5/50
Liver nodule 0/50 4/50 0/50 3/50

*Data extracted from Study No. 2194, pp. 77-86.
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TABLE 12. Incidence of Sslected Hiscopathologvy bv the Independent Patholosis-

In Mice Ingesting Imazalil in the Diet for up to 23 Montchs?

T
Incidence Data by Dietary Level (ppm)

0 S0 200 600

Males

Hegatocellular‘hxgerglasia .
-total 4/50 2/49 12/50 8/50
—reported as neoplastic
nodules by the study authers 3/50 1749 7/50 3/50
Focus of alteration
(basaphilic or eosinophilic¢) - i
~total 1/50 3749 . 2/50 6/50°
—reported as neoplastic . .
nodules by the study authors 0/50 1749 2/50 1/50

' : Females

Hepatocellular hyperplasia
-total : 1/50 1/50 0/50 3/50

—reported as neoplastic
nodules by the study authors 1/50 0/50 0/50 2/50

Focus of alteration 0/50 0/50 0/50 0/50
(basophilic or eosinophilic)

' bata extracted fram Study No. 2194, pp. 277-290.
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TABLE 10. Incidence of Selectad Nonneoplastic Histopathologv Findings

in Mice Ingesting Imazalil in the Diet for up to 23 Montchs?-®
T
Incidence of Histopathology by Dietary Level (ppm)
0 50 200 609
. - Males
Liver .
—Focal cellular changes 2/56 (D) 4749 (1.3) 10/50* (1.2) 8/50 (1.9
-Large vacuoles 1/50 (1) 0/49 8/50* (1) - 9/50* (1)
—Pigmentation in sinusoidal celts 10/50 (1) 3269 (1) 11/50 (1.é) 20/50* (1.2)
-Swollen sinusoidal cetts 264/50 (1) 27749 (L.1) 37/50* (1) - 26/50 (1)
-Parénchymal cellular suell;ng 2/50 (1) 0/49 2/50 (1) 0/50
—Large vacuoles/vaeuolization $/50 (1) 3749 (1) 8/50 (1) 12750 (1)
Pancreas
-Focal cellular changes 0/50 2/49 (1) 2/50 (1) 6/49* (1)
, Females

Liver
~Focal cellutar cﬁanges 2/50 (1) 1/50 (1) 2/50 (1) 2/50 (1)
-Large vacuoles 0/50 1750 (1) 1750 (1) 5/50 (1.2)
-Pigmentation in sinuscidal cells 12/50 (1.2) 10/50 (1.1) 11/50 (1.3) 12/50 (1.3)
-Swollen sinusoidal cells 39/50 (1.1) 28/50* (1.1) 32/50 (1.1 28/50* (1.1)
~Parenchymal cellular swelling 0/50 0/50 0/50 4/50 (1)
—Large vacuoles/vacuolization 1/50 (1) 1750 (1) 3/50 (1) 9/50 (1)
Pancreas _ .
~Focal cellular changes 2/50 (1) 4749 (1) 1749 (1) 5/50 (1)
vagina
—Metaplasia 9/44 (1.4) 11748 (1.5) 9/66 (1.7) 22/48* (1.6)

: Data extracted from Study No. 2194, pp.
Nunbers in parentheses indicate average

95-117, and pp. 604-1004.

severity.

* Significantly different from control, p < 0.05 using Fisher’s exact test performed by the reviewers
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Adequacy of Dosing for Assessment of Carcinogenic Potential

The dosing was considered to be adequate for assessing
the carcinogenic potential of Imazalil in the Swiss mouse.

Janssen Research Foundation completed a 90 day range
finding study using doses of 0, 200, 400, or 800 ppm which
showed 25% and 30 % weight gain reductions in male and -
female mice respectively as well as other degenerative
changes in the livers at 400 ppm. These degenerative
changes included decreased serum albumin, total bilirubin
and phospholipid. Swollen centriolobular hepatocytes were
noted, but were more pronounced at 800 ppm.

HED and Janssen Research Foundation concluded and
agreed that the HDT was to be 600 ppm (memo of J. Hauswirth
5/1/89, Attachment #11).

Note: The only review of the 90-day study appears to be the
Hauswirth memo (HED Doc 007865). A NOEL and LOEL were not
commented on in that memo.

2. Wistar Rat Carcinogenicity Study

(This carcinogenicity study review is a composite of two
studies which were both started at the same time, in the
same laboratory, and performed using the same batch of test
material).

References (Attachment #3):

1. Til, H.P.; Lina, B.A.R. et al," Lifespan Oral
Carcinogenicity study with Imazalil Base-R 23979 in Rats".
Date: November 1985, MRID 470261012, also MRID 00162413,
study No. B82-0555,

Testing Facility: Netherlands Organization for Applied
Scientific Research: Division for Nutrition and Food
Research, 3700 -AJ Zeist, Netherlands.

2. Til, H.P.; Lina, B.A.R. et al., "18-Month Oral Chronic
Toxicity Study with Imazalil Base-R 23979 in Rats".

Date: May 1984, MRID 00162412, Study Number: 419

Testing Facility : Netherlands Organization for Applied
Scientific Research: Division for Nutrition and Food
Research, 3700 AJ Zeist, Netherlands.

a. Experimental Design

In the 30 month chronic rat study (MRID 470261-012),
Imazalil technical alone was provided to Cpb:WU Wistar rats
in the diet at 0, 25, 100, or 400 ppm dosage levels until 43
weeks into the study. After 43 weeks, the test doses were

\1
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composed of the test material as a 50% mixture of Imaz

alil
and a carrier,

In the 18 mon chronic toxicity
study (MRID 00162412), the composition of the test material

was changed at approximately the same time as in the 30
month study.

The 30 month study used 50 animals/sex/dose while-the .
18 month study used 20 males and 20 females per dose level

tested. Doses of test material administered in the two
studies were quite similar.

When converted from ppm, the doses administered in the
two studies were approximately 0, 1.0, 3.7, 15.5,mg/kg/day
of the test material for males at the 0, 25, .100, and 400
ppm doses respectively. Values for compound ingestion by
the female rats were 0, 1.2, 4.9, and 20 mg/kg/day for the
0, 25, 100, and 400 ppm dose levels respectively.

b. Discussion of Tumor Data:

There were minor increases in the epidermoid carcinomas
of the uterus in females in the 30 month study but not in
the 18 month study. This type of tumor is considered to be
a rare tumor. Historical control data for 15 studies
bracketing the time of the Imazalil study (see excerpted
table on pp 18 and Attachment #S5S) indicates that this tumor

-type occurred in only one of the 15 studies (most of the
control groups contained 50 animals). The Imazalil study
showed an occurrence of 0/48, 1/50, 0/50, and 1/50 in

the
controls, low, mid and high dose levels. The range of
tumors in historical controls is from 0 to 2%
Other tumors which showed increases included the
testicular Leydig cell tumors with occurrences of 1, 3, 4,
and 4 in contrels, 25,

100, and 400 ppm dose levels
respectively (see table on pp 19). The incidences of these

tumors were submitted and were found to be easily within the
control ranges of 0-12.7% for Leydig cell tumors and 0-16%

for uterine adenocarcinomas. Therefore, these two additional
tumor types were not considered to be treatment related (see

Pp 18 and 20 and Attachment #S) for historical control data
for Leydig cell tumors and uterine adenocarcinomas.

There were no significant increases in neoplasia in the
18 month study with only 20 animals/sex at each dose level.

c. Non-neoplastic Lesions:

The only non-neoplastic histopathology observed in the 30
month rat study was the slight increase in focal vacuolation

chlU
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of hepatocytes in males at 400 ppm (see Table 16, pp 26).

Body weights were only slightly lower in females at the
400 ppm dose level (277.5 g in controls vs 253.5 g at 400
ppm) (tables 3 and 4 on pp 22 and 23) during the first 52
weeks on the 18 month study. The body weights were not
different (265 g vs 269 g) at the same time point in the 30
month study at 400 ppm. The reviewers considered this -
effect in the 18 month study to be a palatability problem
because the weights later in the study were not notlceably
different from controls.

Organ weights: Absolute liver weights were slightly

increased in high dose males in the 18 month (+5.4%) and the.

30 month (+10.7%) studies. Absolute kidney weights of
females were only slightly increased in both 100 and 400 ppm
groups in the 18 month study (see table 7 on pp 24).

Males at 400 ppm in the 18 month study showed an
increase in the multivacuolar hepatocytes (3/20 in controls
vs 9/20 in 400 ppm animals).

d. Adeguacy of Dosing for Assessment of Carcinogenic
Potential:

Toxicology Branch questions whether the doses of 400
ppm were high enough in the rat study to adequately test the
carcinogenicity of Imazalil since only minor signs of
toxicity to the chemical were encountered and included
slight weight gain reductions in females at 400 ppm after 78
weeks (see Table 5 on pp 25). Focal hepatocellular
vacuolation in males was slightly increased (2/17 in
controls and 6/17 in the 400 ppm animals) for those living
to 30 months (see table 16 on pp 26). No other effects were
considered to be related to dosing. Serum LDH values which
were elevated over double the control group values in the
400 ppm females were discounted by the reviewers. Dosing
levels for the 30 month study were based on the toxicity
reported in a 6 month study (Tox doc #5957, Attachment #4).
The 6 month study was reported to demonstrate a NOEL of 100
ppm (approximately 10 mg/kg/day) based on an increase in
‘relative kidney weights in high dose males (5.77 g/kg in
controls vs 6.47 g/kg in 400 ppm animals) and female rats
(6.51 g/kg in controls vs 7.34 g/kg at 400 ppm) and ,
increased absolute liver weights (5.0 g in controls vs 6.0 g
at 400 ppm) and relative liver weights in high dose females
(22.9 g/kg in controls vs 27.1 g/kg). The 6 month rat study
is also reported with acute and subchronic studies in
Section E.5.b. on pp 37 of this document. The Core
Classification of the study is Minimum.
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TABLE 7. Liver and Kidney Wei

—24-

ght Data (+ S.E.) for Rats Fed

Imazalil
Dietary 18 months 30 months
Level
(ppm) g g/kg g g/kg
Liver Males
0 - 11.89 * 0.55 24.4 = 0.7 11.86 + 0.43 - 2974 + 1.1
25 11.57 * 0.47 24.1 * 0.5 10.99 * 0.46 30.0 * 1.6
100 11.49 * 0.41 23.7 * 0.6 "12.05 * 0.50 30.8 £ 1.0
400 12.54 * Q.48 "25.1 * 0.5 13.13 + 0.48 31.6 + 1.0
+54% +1077%, -
Females -
0 7.17 * 0.14 23.5 + 0.4 8.35 * 0.41 32.4 + 1.3
25 7.02 * 0.3. 23.7 = 0.4 9.48 * 0.63 33.4 + 1.3
100 7.37 * 0.35 25.6 * 0,8% 8.86 *+ 0.56 33.8‘t .
400 6.76 * 0.25 25.2 * 0.4 8.35 £ 0.42 34.8 + 1.
Kidneys Males
0 2.91 * 0.09 6.01 + 0.13 3.36 * 0.13 8.36 % 0.40
25 2.88 * 0.09 6.02 * 0.07 3.12 * 0.11 8.52 * 0;49
100 2.87 * 0.07 5.96 * 0.11 3.41 % 0.12 8.68-t 0.30
400 2.95 * 0.08 5.94 + 0.13 3.45 * 0.12 8.31 + 0.26
Females
0 1.97 + 0.65 6.48 * 0.17 2.17 * 0.08 8.55 + 0.24
25 1.89 * 0.05 6.47 * 0.15 2.26 * 0.06 8;10 + 0.26
100 | 2.04 * 0.07 - ’ 7.17 £ 0.20% 2.14 * 0.07 8.30 + 0.25
400 2.07 £ 0.07 +£0.19%% 2.22 * 0.08 9.32 * 0.48

7.74

*Significantly different from control value (p <0.05).
**Significantly different from control value (p <0.01).
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TABLE 5. Mean Weight Gains (g) in Rats Fed Imazalil?

Dietary 30-Mcnth Study 18-Month Study
Level
(ppm) 12 Weeks 78 Weeks 12 Weeks 78 Weeks
Males
0 284.8 : 448.1 272.2 v414.4
25 277.7 433.7 273.2 407.1
100 282.7 459.0 ' 267.3 414.2
400 . 264.2 448.2 276.7 428.4
Females
0 139.0 235.1 143.1 258.8
25 142.2 238.3 147.4 245.9
100 136.2 236.9 148.7 ‘ 237.6

400 140.8 227.7 - 141.6 215.0

®calculated by subtraction of means; values are not the means of
individual animal weight gain.
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The study authors mentioned using a 12-month rat study
(open literature reference: [Thienpont, D., et. al. (1981).
The biological and toxicological properties of Imazalil,
(Arzneim.-Forsch./Drug. Res. 31 (1) 2, 309-315)] to aid in
establishing the dose levels used in the 18 and 30 month
studies. The study was not submitted to the Agency in
support of registration.

3. Mouse 18 month feeding/carcinogenicity study with
Imazalil base. The testing laboratory was Janssen
Pharmaceutica Research Laboratory, Belgium. sStudy # 27180.
dated 8/30/75. (Acc No. 097233, 070090. 070089), (Attachment
7,9). -

Doses of 0, 2.5, 10 or 40 mg/kg/day were administered
for a period of 18 months in the Swiss mouse. In the brief
reviews for this study the only finding mentioned appeared
to be liver weight increases. There was no evidence of
oncogenic potential reported. The study was classified as
Minimum for oncogenicity. However, a copy of the microfiche
was illegible so that any conclusions could not be readily
verified. '

4. Mouse oncogenicity study - 2 year drinking water study
with Imazalil sulfate. The testing laboratory was Janssen
Pharmaceutica Research Laboratory , Belgium, Study No. 666
dated 4/4/79. (MRID # 099285 and 245311) and (Attachment
#8) . . ‘

This drinking water study in the Swiss mouse used
Imazalil sulfate technical at o, 2.5, 10, or 40 mg/kg/day
for a period of 2 years. Only increased mortality was
reported in the study at the HDT.

The study was considered by HED reviewers in 1980 to
exhibit a NOEL of 10 mg/kg/day with a systemic LEL of 40
mg/kg/day based on increased mortality. No increase in
tumor incidence was reported. The study was classified as
Minimum for carcinogenicity testing in the oOne-Liners
however the reference cited does not clearly support this
(Attachment # 7,9).

The copy of the study reproduced from the
microfiche was illegible so that any conclusions could not
be readily verified. :

4. Chronic feeding Carcinogenicity 24 month study in
Wistar rats, Acc. No. 099285 and Attachment # 7,9.

In the brief reviews available for this study, it was
mentioned that the only findings were equivocal effects for
toxicity in the liver. There was little to no evidence of
oncogenic potential.

The study was considered to be core supplementary for
systemic effects with an LEL of 40 mg/kg/day based on
increased liver and kidney weights in females. The NOEL is
10 mg/kg/day. The study was considered to be core minimum
for carcinogenicity.

The copy of the study reproduced from the microfiche
was illegible so that any conclusions could not be readily q
verified. , v
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E. Additional Toxicology Data:

1. Metabolism

oral dose. Up to 93% of the doses to both sexes were - -
excreted in 24 hours. T 1/2 values were not calculated, but
at 96 hours tissues contained 1% of the 14C dose. 1Imazalil
is metabolized to as many as 25 metabolites with no
conjugated forms found in the urine. The liver contained
the highest levels of test material (about 110 ppb) after

A 3-month oral dosing mechanistic study (MRID 42972001)
was performed in Wistar rats of both sexes to study the
effects of Imazalil base on the 1liver. (See Attachment # 10)
Nominal doses of 0, 50, 200, or 600 ppm were provided in the
diet to 25 animals/sex/dose and approximated 0, 9.5, 38.6,
or 115 mg/kg/day in males and 0, 11.3, 45.6, or 138
mg/kg/day in females, respectively. Additional groups of 15
animals/sex/dose were administered the test doses and
sacrificed after 1 month. Observations recorded in the
study included: routine clinical signs, body weights, food
consumption, and gross Necropsy. Determinations of levels
of liver enzymes, organ weights, histopathology of only the
gall bladder and liver, electron microscopy, liver
microsomal protein and P450 enzyme content, seven P450
isoenzymes activities, liver testosterone metabolism and
serum levels of Imazalil were completed aftgr sacrifice.

Treatment related histopathological effects were only
noted at 200 ppm and above in males and females as early as
1 month including an increased incidence and severity of
"centrilobular clearer aspect", and of large and/or small
vacuoles in the hepatocytes (see table 4 on pp 29,30).
Increased liver microsomal pProtein in males and females was
reported by 1 month in both higher dose levels. Increased
Cytochrome P450 content in males and females was also noted
(see tables 5 and 6 on Pp 31-34). At 600 pPpm increased
alkaline phosphatase in males, increased absolute liver
weights and relative liver/body weights and increased
individual cell necrosis in livers of males, as
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Selected Liver Histopathology for Mice Given Imazalil
in the Diet for 1 Month or 3 Months

TABLE 4:

1 Month, Males *

observation control S50 ppm 200 ppm 600 ppm
No. examined - 10 10 10 10 - -
Reticuloendo- 3¢ 2 2 3
thelial system (0.30)®  (0.20) (0.20) (0.30)
aggregates .
Centrilobular 1 2 4 10
clearer aspect (0.10) (0.20) (0.40) (1.00) ***
Diffuse 0 o - 0 0
hepato swelling (0.00) (0.00) (0.00) (0.00)
Focal necrosis 2 o 1 3
(hepatocytes) (0.20) (0.00) (0.10) (0.40)
Individual 0 2 0 1
cell necrosis (0.00) (0.20) (0.00) (0.10)
Large vacuoles 0 0 0 6
(hepatocytes) (0.00) (0.00) (0.00) (0.60) **
Prominent 2 2 1 1
Kupffer cells (0.20) (0.20) (0.10) (0.10)
small vacuoles | 0 d 8 10

(hepatocytes) (0.00) (0.00) (0.80) *** (1.00) ***

() tncidence (no. with effect/no. exam.); not statistically
analyzed '

@ Méan severity score .(max. score = 5; based on g;; animals
examined) ; statistically analyzed

* p < 0.05; ** p <0.01; x%x* p < 0.001

Lo



TABLE 4 (Continued): Selected Liver Histopathology for Mice
Given Imazalil in the Diet for 1 Month or 3 Months

1 Month, Females °

Observation Control 50 ppm 200 ppm 600 ppm
No. examined 10 10 . 10 10 -
Reticuloendo- 2 2 4 : 0
thelial system (0.20)¢®?  (0.20) (0.50) (0.00)
aggregates ’
Centrilobular 2 1 8 . 7
clearer aspect (0.20) (0.10) (0.80) ** (0.70) *
Diffuse 0 o - 0 0
hepato swelling (0.00) (0.00) (0.00) (0.00)
Focal necrosis . 0 0 0 0
(hepatocytes) (0.00) (0.00) (0.00) (0.00)
Individual 1 1 0 0
cell necrosis (0.10) (0.10) (0.00) (0.00)
Lérge vacuoles 0 0 0 3
(hepatocytes) (0.00) (0.00) (0.00) (0.30)
Prominent ' 3 1 3 5 -
Kupffer cells (0.30) (0.10) (0.30) (0.50)
Small vacuoles 5 3 8 10
(hepatocytes) (0.50) (0.30) (1.00) (1.70) **

(M 1ncidence (no.'vith effect/no. exam.); not statistically
analyzed

(2 Mean severity score (max. score = 5; based on all animals
examined); statistically analyzed

* p < 0.05; ** p < 0.01; *kk p < 0.001
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well as diffuse swelling of hepatocytes in females were
reported. EM showed increased lipid droplets in
hepatocytes. Imazalil increased some P450 enzymes
activities while inhibiting others. Testosterone
hydroxylase levels were increased in both males and females
by approximately 2X.

The LOEL was 200 ppm based on increased incidence -
and severity of histological effects and increased P450
content in both males and females. The NOEL is 50 ppm
(approximately 9.5 mg/kg/day in males and 11.3 mg/kg/day in
females. The LEL is 200 ppm (approximately 38.6 mg/kg/day
in males and 5.6 mg/kg/day in females).

2. Equivalency of Imazalil and Imazalil sulfate

A document (Attachments #6 and #13) on the absorption
of Imazalil base and its salts was submitted which argued
that Imazalil salt will dissociate at the pH in the stomach
to a protonated Imazalil which, when absorbed, is converted
to Imazalil base at the pH of the blood. 1In a letter from
Wm. Goodwine, Janssen Pharmaceutica representative, dated
March 1, 1994, the equivalency of the Imazalil base and the
sulfate salt was noted to have been recognized by the
Ecological Effects and the Environmental Fate Branches, OPP,
in a memo from Cutis Laird, EEB/HED. Based on the acid-base
equilibria noted in Attachment #6 and other available
information, including some acute toxicity data for the
technical (Attachment #12), Toxicology Branch believes it is
reasonable to expect that Imazalil and its sulfate salt
would behave in a toxicologically similar fashion.

The registrant has verbally requested that the database
for Imazalil be interchangeable with that of Imazalil
sulfate. A complete set of acute data for Imazalil sulfate
is not available for comparison.

3. Mutagenicity:

All the required mutagenicity testing for Imazalil has
been completed with acceptable studies.

a. Salmonella assay, MRID 407293-01- Results were negative
for increasing reversions at doses into the toxic range (25-
500 ug/plate), both in the presence and absence of
activation.
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b. 1In vitro cytogenetics, MRID 40729302, 41026602~ Results

were negative for inducing chromosomal aberrations at
concentrations of 125-5000 ug/culture and 22-909 ug/ml.

C. Micronucleus test, MRID 40729303 - Results were negative
for induction of micronuclei in bone marrow cells of mice
treated up to toxic doses (320 mg/kg).

There was no evidence of genotoxicity in the Imazalil
studies. :

4. Structure-Activity Correlations

A search in the HED Cancer Peer Review files netted a
total of four chemicals which might be considered to be
structurally similar to Imazalil. These are: Hexaconazol,
Uniconazole, Propiconazole, and Cyproconazole (structures
appear below). All of these are currently classified as
Class C carcinogens, although only Ciproconazole was found
to be mutagenic (+ for chromosomal aberrations in the
presence and absence of a microsomal activation system). -
However, the nitrogen-containing rings in Imazalil and the
other chemicals differ. In Imazalil, the ring is an
imidazole ring. In the other chemicals, the ring is a
triazole ring. The Cancer Peer Review Committee is asked to
comment on the whether it is appropriate or not to consider
the triazole ring-containing chemicals to be structurally
similar to Imazalil.
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5. Acute, Subchronic and Chronic Toxicity Studies

a. Acute data

Imazalil free base technical Oral LD 50 in rats -
343 mg/kg in males and 227 mg/kg in females (Acc. No.
099285) ; :

Imazalil sulfate technical Oral LD 50 in rats-
350 mg/kg in males and 309 mg/kg in females (Acc. No.
099285) ;

Imazalil free base technical Dermal LD 50 in rats -
4200 mg/kg in males and 4880 mg/kg in females (Acc. No.
097233).

b. Subchronic data- 6 month Wistar rat study (MRID
47026101) .

In a 6 month rat study, 10 animals/sex/dose were
administered diets containing 0, 25, 100, or 400 ppm of
Imazalil. Results indicated there was no effect on food v
intake, body weights, hematological parameters or clinical
chemistry attributable to the test material with the
possible exception of an increase at 400 ppm of serum LDH
values (271 in controls vs 585 U/L) in females. Kidney
weights were increased at 400 ppm in males and females and
lung, liver, and thymus weights were increased at 400 ppm in
females. No histopathological changes occurred with the
weight changes. An LEL of 400 ppm (approximately 40
mg/kg/day) was based on increased kidney and liver weights.
The NOEL was 100 ppm (approximately 10 mg/kg/day) .

The core classification is Minimum.
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F. Weight of Evidence Considerations:

The Committee is asked to consider the following
regarding the toxicological data on Imazalil and its sulfate
'salt in a weight of the evidence determination of
carcinogenic potential.

1. Administration of Imazalil for 23 months at 200 and- 600
ppm in the diet of Swiss mice (MRID 429720-01)
(approximately 28.0 and 88 mg/kg/day, respectively, in males
and 34.8 and 110 mg/kg/day, respectively, in females) was
associated with increases in combined hepatocellular
adenomas/carcinomas at 600 ppm in males and increased
numbers of adenomas at both 200 ppm (p < 0.02) and 600 ppm
(p < 0.027). The incidence of carcinomas was increased but
not statistically significantly so at 600 ppm, thus only

suggesting a progression of adenomas to carcinomas in this
sex. :

Female mice also showed an increased incidence (not
statistically significant) of adenomas, carcinomas, and
combined tumors at 600 ppm compared to concurrent controls.

There were no historical control data excepting the
concurrent controls with which to compare theses occurrences
of tumors because of the differences in nomenclature between
the testing laboratory and the Agency.

2. Imazalil was not found to be carcinogenic at the doses
tested in the 30 month (MRID 470261-012)- and 18 month (MRID
00162412) combined rat feeding study.

3. Imazalil was not found to be carcinogenic in the 1975
18 month mouse feeding/oncogenicity study (Acc No. 097233,
HED document 001337) or the 1975 2~-year rat
feeding/oncogenicity study (Acc. No. 099285, HED document
001337), but these early studies were inadequate by today’s
standards. )

4, Imazalil sulfate was not found to be carcinogenic in a
1979 drinking water study (Acc No. 099285, HED document
000057), the only carcinogenicity study available for this
compound. This study study is also inadequate by today’s
standards.

5. The metabolism study of Imazalil in the Wistar rat
indicated that the chemical when ingested is rapidly
absorbed, metabolized to a large number of metabolites and
excreted quite rapidly and completely in a period of 96
hours. Little (about 1% of the total "“C dose) Imazalil
remains in the animal carcass at 96 hours post-dosing.
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6. There was no evidence of genotoxicity in the Salmonella
assay both with and without activation, no evidence of the
induction of chromosomal aberrations in an in vitro
cytogenetics test, and no evidence of the induction of
micronuclei in the bone marrow test in mice.

7. There is some evidence of some P450 enzyme activities
being significantly induced in the male mice at both 200 and
600 ppm in a 3 month feeding study. Some isozymes were also
inhibited in this same study.

Questions for the Committee to Address

Based on the above findings, the Cancer Peer Review
Committee is asked to address the following:

1. the Carcinogenic potential of Imazalil based on the
mouse study;

2. the adequacy of dosing in the rat carcinogenicity study
and whether another rat study should be required which
incorporates a higher dose level(s);

3. whether the Imazalil free base and Imazalil sulfate
might be expected to behave in a toxicologically similar
fashion and whether the carcinogenicity database for the
Imazalil free base should be used interchangeably with that
of Imazalil sulfate in assessing the carcinogenic potential
of these two compounds;

4. whether the triazole ring compounds should be used in
the structure-activity assessment of Imazalil and its
sulfate salt;

5. whether it is appropriate, as the registrant has
suggested, that the cancer risk assessment of Imazalil and
its sulfate salt be performed using a threshold/NOEL
approach.

b\O
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OFFICE OF

PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES _

SUBJECT: 1Imazalil Qualitative Risk Assessment Based On
Charles River SPF Swiss Albino Mouse Dietary Study

Caswell No. 497AB

TO: Henry W. Spencer, Pharmacologist
Review Section III
Toxicology Branch I
Health Effects Division (7509C)

FROM: Lori L. Brunsman, Statistician
Statistics Section . L
Science Analysis Branch /, i
Health Effects Division (7509C) CWAQQ qq

THROUGH: Hugh M. Pettigrew, Section Head /3_/?/(7/// &’ffé//d@/

Statistics Section

Science Analysis Branch | AN Y
Health Effects Division (7509C) 4Ai}//9/

Summary

This qualitative risk assessment of Imazalil was based upon a
chronic carcinogenicity feeding study conducted in Charles River
SPF Swiss Albino mice. The animals were fed 0, 50, 200, or 600 ppm
of Imazalil for 100 weeks. A re-read of the liver slides was
conducted to indicate the most appropriate pathology nomenclature.
The results of the re-read are presented in this qualitative risk
assessment.

The statistical evaluation of mortality indicated no
significant incremental changes with increasing doses of Imazalil
in male or female mice.

Male mice had significant dose-related increasing trends in
hepatocellular adenomas, carcinomas, and combined adenomas and/or
carcinomas. There was a significant difference in the pair-wise
comparison of the 200 ppm dose group with the controls for
hepatocellular adenomas. There were also significant differences
in the pair-wise comparisons of the 600 ppm dose group with the
controls for hepatocellular adenomas and combined adenomas and/or
carcinomas.

{»Y.  Recycled/Recyclable
% Printad with Soy/Canola Ink on paper that
6/0 contains at least 50% recycled fiber
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Female mice had significant dose-related increasing trends in
hepatocellular adenomas and combined adenomas and/or carcinomas.
There were no significant differences in the pair-wise comparisons
of the dosed groups with the controls.

Background

A chronic carcinogenicity feeding study in Charles River- SPF
Swiss Albino mice was conducted by the Department of Toxicology,
Janssen Research Foundation, Beerse, Belgiun, for Janssen
Pharmaceutica N.V., Beerse, Belgium, and dated October 13, 1993
(Experiment No. 2194; MRID No. 429720-01). A re-read of the liver
slides was conducted by S. Sparrow, Director of Pathology, Pharmaco
LSR, Limited, Suffolk, England, and dated October 4, 1993 (Pharmaco
LSR Report No. 93/JED003/0793; MRID No. 429720-01). The re-read
was performed to employ a more common pathology nomenclature. The
results of the re-read are presented in this qualitative risk
assessment.

The study design allocated groups of 50 mice per sex to dose
levels of 0, 50, 200, and 600 ppm of Imazalil for 100 weeks.

Survival Analyses

The statistical evaluation of mortality indicated no
significant incremental changes with increasing doses of Imazalil
in male or female mice. See Tables 1 and 2 for mortality test
results.

The statistical evaluation of mortality was based upon the
Thomas, Breslow and Gart computer program.

Tumor Analyses

Male mice had significant increasing trends in hepatocellular
adenomas (p < 0.0l1), carcinomas (p < 0.05), and combined adenomas
and/or carcinomas (p < 0.01). There was a significant difference
in the pair-wise comparison of the 200 ppm dose group with the
controls for hepatocellular adenomas (p < 0.05). There were also
significant differences in the pair-wise comparisons of the 600 ppm
dose group with the controls for hepatocellular adenomas (p < 0.05)
and combined adenomas and/or carcinomas (p < 0.01).

Female mice had significant increasing trends - in
hepatocellular adenomas and combined adenomas and/or carcinomas,
both at p < 0.05. There were no significant differences in the

pair-wise comparisons of the dosed groups with the controls..

These statistical analyses were based upon the Exact trend
test and the Fisher’s Exact test for pair-wise comparisons. See
Tables 3 and 4 for tumor analysis results.
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Table 1. Imazalil - Charles River SPF Swiss Albino Mouse Study

Male Mortality Rates* and Cox or Generalized K/W Test Results

Weeks
Dose (ppm) 1-26 27-52 53-78 79-.101f Total
0 0/50 0/50 6/50 9/44 15/50
(30)
50 1i/50 1/49 5/48 18/43 25/50
(50)°
200 0/50 0/50 4/50 13/46 17/50
(34)
600 1/50 0/49 5/49 16/44 22/50
(44)

*Number of animals that died during interval/Number of animals
alive at the beginning of the interval.

fFinal sacrifice at week 100.

( )Percent.

Note: Time intervals were selected for display purposes only.
Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted
at dose level.

If °, then p < 0.05. If ™, then p < 0.01.



Table 2. 1Imazalil - Charles River SPF Swiss Albino Mouse Study

Female Mortality Rates* and Cox or Generalized K/W Test Results

Dose (ppm) 1-26
0 0/50

50 1/50

200 1/50
600 0/50

27-52

3/50

1/49

1/49

1/50

Weeks

53-78

5/47

7/48

8/48

12/49

79-100f

19/42

19/41

16/40

19/37

Total
27/50
(54)

28/50
(56)

26/50
(52)

32/50
(64)

*Number of animals that died during interval/Number of animals

alive at the beginning of the interval.

fFinal sacrifice at week 100.

( )Percent.

Note: Time intervals were selected for display purposes'only.

Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted
at dose level.

If *, then p < 0.05.

If

, then p < 0.01.

i



Table 3. Imazalil - Charles River SPF Swiss Albino Mouse Study

Male Hepatocellular Tumor Rates® and Exact Trend
Test and Fisher’s Exact Test Results (p values)

Dose (ppm)

0 50 200 600
Adenomas . 5/50 2/47 14*/50 13/48
' (%) (10) (4) (28) (27)
p = 0.003" 0.244" 0.020° 0.027"
Carcinomas 5/50 6/47 6/50 11%/48 ..
(%) (10) (13) (12) (23)
p = 0.0337 0.456 0.500 0.072
Combined 10/50 8/47 17°/50 22%/48
(%) (20) (17) (34) (46)
p = 0.001% 0.455" 0.088 0.006™

*Number of tumor bearing animals/Number of animals examined,
excluding those that died before week 53.

"Negative change from control.
’First adenoma observed at week 55, dose 200 ppm.
First carcinoma observed at week 72, dose 600 ppm.

‘Three animals in the 200 ppm dose group had both an adenoma and a
carcinoma.

‘Two animals in the 600 ppm dose group had both an adenoma and a
carcinoma.

Note: Significance of trend denoted at control.
Significance of pair-wise comparison with control denoted
at dose level.
If °, then p < 0.05. If ™, then p < 0.01.
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Table 4. 1Imazalil - Charles River SPF Swiss Albino Mouse Study

Female Hepatocellular Tumor Rates* and Exact Trend
Test and Fisher’s Exact Test Results (p values)

Dose (ppmn)

0 50 - 200 600

Adenomas 3/45 3*/48 0/45 7/47
(%) (7) (6) (0) (15)

p = 0.035" 0.630" 0.121"° 0.176
Carcinomas 0/45 2/48 2/45 3747
(%) (0) (4) ‘ (4) (6)

p = 0.103 0.264 0.247 0.129
Combined 3/45 5/48 2/45 9°/47
(%) (7) (10) (4) (19)

p = 0.027" 0.394 0.500" 0.070

*Number of tumor bearing animals/Number of animals examined,
excluding those that died before week 53.

"Negative change from control.
First adenoma observed at week 83, dose 50 ppmn.
*First carcinoma observed at week 88, dose 600 ppm.

‘One animal in the 600 ppm dose group had both an adenoma and a
carcinoma. '

Note: Significance of trend denoted at control.
Significance of pair-wise comparison with control denoted
at dose level.
If °, then p < 0.05. If ™, then p < 0.01.
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SUBJECT: Imazalil Reregistration:; Reregistration Case No. 2325;
Review of Carcinogenicity Study in Mice, Guideline
83-2(b)s b(a)(2) Issue. -

DP Barcode D196488 Tox. Chem. No. 497AB
Case 816389 PC Code No. 111901
Submission S452505 MRID No. 429720-01
FROM: Edwin R. Budd, Toxicologist gkak
. Review Section III Bf A

Toxicology Branch I
Health Effects Division (7509C)

TO: Kathryn Davis/Linda Deluise/Kathy Depukat
Chemical Review Manager Team 52
Reregistration Branch
Special Review and Reregistration Division (7508W)

THRU: Karen Hamernik, Ph.D., Section Head . ﬂ
Review Section III K /94
Toxicology Branch I fa 61;/14 é/1

Health Effects Division (7509C)

Please find attached the Data Evaluation Report (DER) for a
carcinogenicity study in mice using Imazalil base as the test
material (MRID No. 429720-01). The study was sponsored by
Janssen Pharmaceutica N.V. (Beerse, Belgium) and performed by the
Janssen Research Foundation (Beerse, Belgium). The DER was
prepared by Clement International Corporation (Fairfax, Virginia)
and approved by Edwin Budd M.A. and Marion Copley D.V.M. of
Toxicology Branch I. :

Statistically significant increased incidences of
hepatocytic neoplasms were observed in male and female mice in
this study.

Because of the neoplastic response observed, this chemical
is being scheduled for review by the HED Cancer Peer Review

Mo Mopes o - ~ ﬂﬂ&cﬁmﬁfb@
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Committee. A risk assessment will then be conducted. The
results of this evaluation process will be addressed in a
separate memorandum. It cannot be determined at this time
whether the RfD for Imazalil will be affected.

EXECUTIVE SUMMARY: In a 23-month carcinogenicity study, Imazalil
base (96.9% pure) was administered in the diet to 50 male and 50
female Swiss mice for 100-101 weeks at nominal levels of 0, 50,
200, or 600 ppm (approximate doses of 0, 6.76, 28.0, or 88
mg/kg/day for males and 0, 8.29, 34.8, or 110 mg/kg/day for
females, as adjusted for actual achieved concentrations of about
83.7% of nominal).

At 200 ppm, males. had a significant increase in the incidence of
focal cellular changes, large vacuoles, and swollen sinusoidal
cells in the liver. At the highest dose tested, males also had a
significantly increased incidence of pigmentation in the
sinusoidal cells of the liver and focal cellular changes in the
pancreas, increased absolute (+18%) and relative (+24%) liver
weight, and decreased body weight (-7%) and body weight gain
(-=18%). The LOEL of 200 ppm (28.0 mg/kg/day)is based on the
histopathology changes observed in the livers of males. The NOEL
is 50 ppm (6.76 mg/kg/day). No LOEL was achieved in females

(> 600 ppm or 110 mg/kg/day).

There was evidence of a carcinogenic potential. Hepatocytic
neoplasms were increased in males in the 200 and 600 ppm groups
(50% in both groups versus 26% in controls) and in females at 600
ppm (22% versus 8% in controls). Of the hepatocytic neoplasms,
hepatic neoplastic nodules were increased in males in the 200 and
600 ppm groups (46% at 200 ppm, 34% at 600 ppnm versus 16% in
controls). Trends for increases in total hepatocytic neoplasms
and neoplastic nodules were observed in both males and females.

A possible increase in hepatocytic carcinomas was observed in
males at 600 ppm (22% versus 10% in controls). The dose levels
used in this study (0, 50, 200, and 600 ppm in the diet) were
previously agreed to by Toxicology Branch I based upon depressed
body weight gain seen in males (-25%) and females (-30%) at 800
ppm in a 90-day range finding study in mice.

This study is Core Minimum for carcinogenicity and satisfies the

guideline requirement for a carcinogenicity study in mice,
Guideline 83-2(b).

TB194:IMAZALO1.064
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DATA EVALUATION REPORT

(011044

Imazalil

Study Type: 23 Month Carcinogenicity - Mouse

Prepared for:

Office of Pesticide Programs
Health Effects Division
U.S. Environmental Protection Agency
1921 Jefferson Davis Highway
Arlington, VA 22202

Prepared by:

Clement International Corporation
9300 Lee Highway
Fairfax, va 22031-1207

Principal Reviewer XAavedd O\Q.QMN\A&%&, Date 5{“’(‘?4 .

ddrrie Rfbe, Ph.D.

Independent Re;fiewer QMJ'M%WDME 5{’6/?2

William McLellan, Ph.D.

QA Reviewer 4/(;2222;ff::/45:,____J Date C’V?Q;/é;e/

.~ 'Carol Maczka, Ph.D.

Contract Number: 68D10075
Work Assignment Number: 3-45
Clement Number: 173

Project Officer: Caroline Gordon ?07'
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EPA Reviewer: Edwin Budd, M.A. Signature; p c[ ‘ ~

Review Section III, Toxicology Branch I (7509C) Date: £732//9«

EPA Section Head: Marion Copley, D.V.M. Signature:

Review Section IV, Toxicology Branch I (7509C) Date: S/3:/900- ] .
777

DATA EVALUATION REPORT

¢11044
STUDY TYPE: 23 Month carcinogenicity study - Mouse (83-2)

TOX. CHEM. NUMBER: 497AB

P.C. CODE: 111901
MRID NUMBER: 429720-01

TEST MATERIAL: Imazalil base

SYNONYMS: R 23979; enilconazole OO LRl

-

?H—G 1

[«

STUDY NUMBER: Experiment No. 2194

SPONSOR: Janssen Pharmaceutica N.V.
Beerse, Belgium

TESTING FACILITY: Department of Toxicology,
Janssen Research Foundation
Beerse, Belgium

TITLE OF REPORT: Evaluation of the carcinogenic potential of Imazalil base
(R 23979) in SPF Albino Swiss mice

AUTHOR: A. Verstraeten (study director; author not identified)

REPORT ISSUED: Not reported (latest date of signatures was October 13, 1993)

EXECUTIVE SUMMARY: 1In a 23-month carcinogenicity study, Imazalil base (96.9%
pure) was administered in the diet to 50 male and 50 female Swiss mice for
100-101 weeks at nominal levels of 0, 50, 200, or 600 ppm (approximate doses
of 0, 6.76, 28.0, or 88 mg/kg/day for males and 0, 8.29, 34.8, or

110 mg/kg/day for females, as adjusted for actual achieved concentrations of
about 83.7%Z of nominal).

At 200 ppm, males had a significant increase in the incidence of focal
cellular changes, large vacuoleﬁ}ﬁsnd swollen sinusoidal cells in the liver.
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Imazalil Carcinogenicity Study 83-2

At the highest dose tested, males also had a significantly increased incidence
of pigmentation in the sinusoidal cells of the liver and focal cellular
changes in the pancreas, increased absolute (+18%) and relative (+24%) liver
weight, and decreased body weight (-7%) and body weight gain (-18%). The. LOEL
of 200 ppm (28.0 mg/kg/day) is based on the histopathology changes observed in
the livers of males. The NOEL is 50 ppm (6.76 mg/kg/day). No LOEL was
achieved in females (= 600 ppm or 110 mg/kg/day).

There was evidence of a carcinogenic potential. Hepatocytic neoplasms were
increased in males in the 200 and 600 ppm groups (50% in both groups versus
26% in controls) and in females at 600 ppm (22% versus 8% in controls). Of
the hepatocytic neoplasms, hepatic neoplastic nodules were increased in males -
in the 200 and- 600 ppm groups (46% at 200 ppm, 34% at 600 ppm versus 16% in
controls). Trends for increases in total hepatocytic neoplasms and neoplastic
nodules were observed in both males and females. A possible increase in
hepatocytic carcinomas was observed in males at 600 ppm (22% versus 10% in
controls). The dose levels used in this study (0, 50, 200, and 600 ppm in the
diet) were previously agreed to by Toxicology Branch I based upon depressed
body weight gain seen in males (-25%) and females (-30%Z) at 800 ppm in a 90-
day range-finding study in mice.

This study is Core Minimum for carcinogenicity and satisfies the guideline
requirement for a.carcinogenicity study in mice(83-1).

Special Review Criteria (40 CFR 154.7) None at this time, pending evaluation
by the HED Carcinogenicity Peer Review Committee.

A. MATERIALS

1. Test Material: 1Imazalil base

Description: Not reported

Lot/Batch #: G3A031 (from Janssen Chemical Manufacturing Plant
No. 3)

Purity: 96.9% (obtained from a separate submission)

Stability of compound: stability was tested by the spounsor prior
to initiation of the study (data not reported)

CAS #: 35554-44-0

2. Vehicle and/or positive control: Test material was incorporated
into the diets as 50% premix (50% imazalil and 50%Z of a mixture
of equal parts of Vehicle controls

ceived diets containing 600 ppm of the vehicle (equal parts of
J_ The 50%Z premix was stored at room

temperature. B

IRERT INGREDIENT INFORMATION 1S NOT INCLUDR:S
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B.

STUDY

Carcinogenicity Study 83-2

Test animals: Mouse

Strain: SPF Swiss

Age and weight at study initiation: approximately 5-6 weeks;
males weighed 24-28 g and females weighed 20-25 g. - -

Source: Charles River, France
Housing: Individually in macrolon cages

Environmental conditions:
Temperature: Monitored but not reported
Humidity: Monitored but not reported
Air changes: Not reported
Photoperiod: Not reported

Acclimation period: approximately 10 days

DESTIGN

Animal assignment

Animals were stratified by weight and assigned randomly to the
test groups in Table 1.

TABLE 1: STUDY DESIGN

Test Dose in

Group diet (ppm) male female
1 (Vehicle Control) 0 50 50

2 (Low) 50 50 50

3 (Mid) 200 50 50
4 (High) 600 50 50

Mice received treated diets from 2/7/90 to 1/10/92 (23 months).

Dose selection was based on the results of a 90-day range-finding
study in mice (Janssen Research Foundation, Experiment No. 2020,
12/2/88) in which decreased body weight gain was observed in males
(-25%) and females (-30%) at 800 ppm. Hepatocellular vacuolar
degeneration, and decreases in albumin, phospholipids, and total
bilirubin in males and females were observed at 800 ppm. In
addition, females at 800 ppm had decreases in AST.

Note - The dose levels used in this study were previously agreed
to by Toxicology Branch I based upon the depressed body weight

@3 : 64)
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Imazalil

Carcinogenicity Scudy 83-2

gain in males and females observed in this 90-day range-finding
study. See memorandum from Judith W. Hauswirth, Ph.D. to Susan
Lewis, dated 5/1/89 (Appendix 1).

Diet preparation and analysis

Fresh diet was prepared every month by mixing the appropriate
amounts of the premix (50% test material and 50% of a mixture.of
equal parts o with Huybrechts powdered
rodent feed. The powdered diet was then formed into pellets using
a Buhler Maig pellet machine and was stored at room temperature in .
closed containers. Measurement of the stability and actual
concentration of the test material in both the powdered and
pelleted diets was conducted using a method described only as
#ST-GC90-34. Homogeneity was not tested. The concentration of
test material in the diet was verified at approximately 3-month
intervals. Data were combined for the dietary levels that were
tested at each interval and the percent of nominal was reported as
a range. ’

Results
Homogeneity analysis: Not reported

Stability analysis: At 7 weeks after preparation, the
concentration of test material in powdered feed was approximately
91-93% of the concentration of the same batch measured 5 weeks
earlier.

Concentration analysis:

The authors stated that the rather low values observed during the
first 6 months of the study were because the analytical method was
under development during that period. Subsequently, an

established analytical methodology (#ST-GC90-34) provided somewhat
higher values.

The authors also attributed the lower values in the pelleted feed
to incomplete extraction of test material from the pelleted feed.
This conclusion was based on previous experience with extraction
of other test material from pelleted versus powdered feed.
Insufficient data were provided to verify this conclusion or to
determine the achieved dietary concentrations at each dietary
level.

Due to the several uncertainties regarding actual dietary
concentrations achieved in this study, the nominal dose levels of
50, 200, and 600 ppm in this study have been adjusted downward to
83.7% of nominal for each dose level. This value was calculated
from the data presented for pelleted diet by averaging together

all low and high range values for each time of analysis (at
& . A
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approximately 3-month intervals) throughout the study. See
Table 2.

TABLE 2. CONCENTRATION ANALYSIS DATA

Concentration in percentage of the
. nominal concentration (range)
Month Powdered Feed Pelleted Feed

0 84.8-88.5 67.7-68.7
3 95.0-98.3 : 80.6-93.1
6 91.0-97.1 86.1-91.4
9 93.5-106.0 85.3-104.0
12 90.1-107.0 72.0-93.0
15 94.5-125.0 78.0-87.0
16 97.1-112.0 81.3-92.6
19 87.8-103.0 69.2-91.5
22 96.0-103.0 82.0-83.0
Mean range 92.2-104.4 78.0-89.4
Average 98.3 83.7

®Data extracted from study number 2194, page 24

Diet - Animals were given food (Huybrechts rodent feed) and
received water ad libitum.

Statistics - Body weight, body weight gain, food consumption,
clinical pathology values, and organ weight data were analyzed for -
differences from control using the Mann-Whitney U test.
Mortality, clinical observations, and pathology were analyzed
using the Chi-square test. In addition, mortality and neoplastic
histopathology data were analyzed using a Peto analysis.

A signed and dated quality assurance statement was present.
A signed and dated GLP statement was present.

C. METHODS AND RESULTS

1.

Observations

Animals were inspected once daily for signs of toxicity,
morbidity, or mortality.

Results - No treatment-related effects on mortality were observed.
At termination of the study at 23 months, survival at 0, 50, 200,
and 600 ppm was 70%, 50%, 66%, and 56%, respectively in males and
46%, 44%, 48%, and 36%, respectively in females. A trend toward
early deaths in the groups fed imazalil was not observed.

<Y



Imazalil Carcinogenicity Study 83-2

No treatment-related clinical signs indicative of toxicity of the
test material were observed. However, as seen in Table 3, food
wastage was increased in all treated groups (statistically
significant only in the low-dose groups). The study authors noted
that this is a common finding in mice and suggested that it may
have been related to unpalatability of the food. While this
finding does not indicate toxicity of the test ‘material, it has
repercussions for calculating food consumption and test material
intake (see below).

TABLE 3: INCIDENCE OF FOOD WASTAGE?.b

Dietary Level Males Females

0 21/50  (9+11) 21/50 (10+9)

50 34/50% (18+21) 32/50% (22423)
200 29/50 (23428) 31/50 (16+24)
600 31/50 (18+19) 29/50 (25+26)

‘Data extracted from study number 2194, pages 40-41 and 420-483

Values fin parentheses represent the mean (:S.D.) number of times food wastage was
observed among the affected animals; values calculated by the

reviewers.

2. Body Weight

Animals were weighed on day 0, weekly through week 52, and every &4
weeks, thereafter.

Results - Starting at study week 2, both the body weight and
cumulative body weight gain of the high-dose males were
consistently significantly lower than controls (Tables 4 and 5).
The body weight of high-dose males averaged approximately 7% lower
than controls and cumulative body weight gain averaged
approximately 18% lower than controls. The body weight of high-
dose females averaged approximately 3% lower than controls and
cumulative body weight gain averaged 7% lower than controls (not
statistically significant).

3. Food Consumption and Compound Intake

Food consumption for each animal was determined weekly until week
52, and every 4 weeks, thereafter. Mean weekly diet consumption
was calculated as kg food/week. Compound intake (mg/kg/day)
values were calculated as time-weighted averages using the nominal
concentrations of test material in the diet and food consumption
and body weight data.
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TABLE 4. Mean Body Weight Data for Mice Ingesting Imazalil
in the Diet for up to 23 Months2b

Mean Body Weight Data (g) by Dietary Level (ppm)

Week 0 50 200 . 600
Males
12 37 37 36 35w
(100) 97 (95)
25 41 41 - 41 Zgkx
(100) ~ (100) (93)
37 42 43 43 40*
(102) (102) (95)
50 A A 44 AR
- (100) (100) 93)
76 44 45 45 41eee
(102) (102) (93)
99 42 41 42 40*
(98) (100) (95)
- Eemales
12 30 31 30 30
(103) (100) (100)
25 34 34 33 33
(100) N on
37 36 36 35 35
(100) N o7
50 38 38 37 36
(100) (97) (95)
76 39 40 39 38
(103) (100) on
99 38 40 38 37
(105) (100) on

: Data extracted from Study No. 2194, pp. 43-44.
Numbers in parentheses indicate percent control.

* significantly different from control, p < 0.05
** significantly different from control, p < 0.01
*** Significantly different from control, p < 0.001

a7
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TABLE 5. Mean Cumulative Body Weight Gain Data for Mice Ingesting
Imazalil in the Diet for up to 23 Months?:P

Body Weight Gain (g) Data by Dietary Level (ppm)

Week 0 50 200 600
Males
12 1 11 10* QR*k
€100) ‘ (91) ) (82)
25 15 15 15 : 12%**
(100) (100) (80)
37 16 17 16 14%*
(106) (100) (88)
50 18 18 18 15%*%
(100) (100) (83)
76 ; 18 19 19 15k
(106) (106) (83)
99 16 15 16 14*%
(94) (100) (88)
Females
12 8 8 7 7
(100) (88) (88)
25 1 1 10 10
(100) 91 (91)
37 13 14 13 12
(108) (100) i (92)
50 15 15 14 13
(100) (93) (87)
76 17 - 18 16 15
: (106) (94) (88)
99 16 18 15 15
(113) (94) (94)

* Data extracted from Study No. 2194, pp. 46-47.
Numbers in parentheses indicate percent control.

* Significantly different from controt, p < 0.05
** gignificantly different from control, p < 0.01
*** gignificantly different from control, p < 0.001
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Results

a. Food consumption - Mean food consumption values among
treated males and females were frequently significantly
greater than those of controls (Table 6). The magnitude of
this effect was greater in males than in females. However,
this effect was not dose-related; the wastage was greatest
in both males and females at the lowest dose. Because body
weight data were comparable between controls and most
treated groups, and increased feed wastage was observed as a
frequent clinical sign among all treated groups (see
Clinical Signs above), the study authors concluded that
actual food consumption was not greater than that of
controls. Based on this conclusion, the study authors used
the mean food consumption of the control groups of each sex
as default values for food consumption among all groups of
the same sex.

b. Cdmpound consumption (time-weighted average) - Compound -

consumption values are presented in Table 7 as both the
values determined using the measured mean food consumption
in each group and as the values determined after assuming
that food consumption in all groups was equivalent to that
of controls. Presented data is based on nominal
concentrations of test material in the diet and also as
adjusted to 83.7% of nominal (for reasons previously
discussed on page 4 of this DER under "Diet preparation and
analysis".)

Ophthalmoscopic examination

Ophthalmoscopic examinations were not conducted.

Clinical pathology

Blood for hematology was collected via the tail vein from all
animals at weeks 51-52. 1In addition, blood for hematology and
clinical chemistry was collected via the carotid artery from all
surviving animals at weeks 100-101. Whenever possible, blood was
collected from all animals sacrificed in a moribund condition for
hematological analysis. It was not stated whether blood samples
were collected from fasted animals. The CHECKED (X) parameters
were examined. A differential leukocyte count was performed only
when the number of white cells exceeded 25,000/mm3.
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TABLE 6. Mean Weekly Food Consumption Data for Mice Ingesting
Imazalil in the Diet for up to 23 Months2:P

Mean Food Consumption Data (g/mouse) by Dietary Level (ppm)

Week(s) 0 50 200 600 -
Males
12 44 5% 50* 49
(116) (114) (111
25 45 S5wkx 5% 50
(122) (131) (111).
37 46 Sk 50 51
(128) (109) (111
50 46 55%* 51 52*
(115) (106) (108)
73-76 . é16 . 268%* 246 275%*
(124) (114) (127)
97-99 166 183 158 183
(10) (95) (110)
Total 4726 5712%* 5254 5560*
. (121) (111 (118)
Females
12 51 54 53 52
. (106) (104) (102)
25 45 50 50 50
(11 (11 (111)
37 53 51 58 55
(96) (109) (104)
50 47 46 48 52
(98) (102) (11N
73-76 254 282 278 266
(111 (109) (105)
97-99 167 189 176 162
(113) (105) (97)
Total 4955 5565 5515 5329
(112 (111) (108)

® pata extracted from Study No. 2194, pp. 51-52.
° Numbers in parentheses indicate percent control.

* Significantly different from control, p < 0.05

** Significantly different from control, p < 0.01
*** gignificantly different from control, p < 0.001

549
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TABLE 7. TIME-WEIGHTED AVERAGE COMPOUND CONSUMPTION

Compound Consumption?:P
(mg/kg/day)

Dietary Level -
(ppm) Males Females

Without correcting for feed spillage

50 9.78 + 1.05 11.07 + 1.24
200 37.12 ¢+ 4.04 46.25 4 5.03
600 ~ 123.85 + 13.78 . 140.87 + 16.86

After correcting for feed spillageb

50 8.08 9.91
200 33.4 41.6
600 105 131

After correcting for feed spillage amd
adjusted concentration of test material®

50 6.76 8.29

200 28.0 34.8
600 88 110

3nata from Study number 2194, pages 54-=57

byalues represent mean intake values corrected for differences in total food
consumption.

“Values represent mean intake values corrected for differences in total food
consumption and for differences in compound concentration in feed versus nominal
values. )
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a. Hematology

X Hematocrit (HCT)" X Leukocyte differential count”

X Hemoglobin (HGB)* X Mean corpuscular HGB (MCH)

X Leukocyte count (WBC)* X Mean corpusc. HGB conc. (MCHC)

X Erythrocyte count (RBC)”* X Mean corpuscular volume (MCV) -
X Platelet count” Reticulocyte count

Blood clotting measurements
(Thromboplastin time)
(Clotting time)
(Prothrombin time)

* Required for subchronic and chronic studies

Results - No treatment-related effects were observed.
Statistically significant changes were observed in a number of
parameters in mid- and/or high-dose mice after 1 year, but the
changes either were within historical control ranges, or were not
observed at the end of the study and had no supporting
histopathology.

b. Clinical Chemistry

Electrolytes Other

X Calcium® X Albumin®

X Chloride” X Blood creatinine®
Magnesium” X Blood urea nitrogen”

X Phosphorus® X Cholesterol”

X Potassium” X Globulins (Haptoglobin)

X Sodium® X Glucose”

Enzymes ‘ X Total bilirubin®

X Alkaline phosphatase” X Total serum protein”

X Cholinesterase X Triglycerides

X Creatine phosphokinase” Serum protein electrophores
Lactic acid dehydrogenase

X Serum alanine aminotransferase (also SGPT)"

X Serum aspartate aminotransferase (also SGOT)"
Gamma glutamyl transferase
Glutamate dehydrogenase

* Required for subchronic and chronic studies
Results - No treatment-related effects were observed.

Urinalysis

Urinalysis was not conducted.

N
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Sacrifice and Pathology

All animals that died on study, were sacrificed in extremis, or
were sacrificed on schedule were subject to gross and
histopathological examination. The CHECKED (X) tissues were
collected for histological examination. All of the checked~ -
tissues were examined in the control and high-dose animals. In
addition, the adrenals, epididymides, gall bladder, kidneys,

liver, lung, mesenteric lymph nodes, mammary gland, pancreas,
pituitary, salivary gland, spleen, testis, thymus, ovary, uterus,

and vagina were examined histopathologically in all low- and mid-
The CHECKED (XX) organs were also weighed. ’

dose animals.

Digestive System

Cardiovasc./Hemat. Neurologic

Tongue* X Aorta’ XX Brain®
X Salivary glands® XX Heart® X Periph. nerve”
X Esophagus X Bone marrow” X Spinal cord (3 levels)
X Stomach” X Lymph nodes™ X Pituitary”
X Duodenum” XX Spleen X Eyes (optic n.)"
X Jejunum® XX Thymus™ Glandular
X Ileum” Urogenital XX Adrenal gland”
X Cecum” XX Kidneys™* Lacrimal gland
X Colon” X Urinary bladder” X Mammary gland”
X Rectum” XX Testes ' X Parathyroids™**
XX Liver™ X Epididymides X Thyroids™**
X Gall bladder” X Prostate Other
XX Pancreas” X Seminal vesicle X Bone” L
Respirato XX Ovaries™ X Skeletal muscle”
X Trachea X Uterus” X Skin*

XX Lung” X Vagina X All gross lesions
Nose and masses”
Pharynx
Larynx

* Required for subchronic and chronic studies ]
* Organ weight required in subchronic and chronic studies
** Organ weight required in nonrodent studies

Results -

a. Organ weight - Both absolute and relative liver weights were
significantly increased in males at 600 ppm (Table 8).°
Slight increases in absolute and relative liver weights were
observed in females at 600 ppm (not statistically
significant).

b. Gross pathology - No statistically significant differences
from controls were noted. However, the study authors noted
that slight increases were observed in liver foci or nodules
and masses in male mice at 200 and 600 ppm (Table 9). These

‘EI!!'i 13
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TABLE 8. Mean Liver Weight Data for Mice Ingesting
Imazalil in the Diet for up to 23 Months?2:P

Mean Liver Weight Data by Dietary Level (ppm)

0 50 200 600
- Males
absolute weight (mg) 2388 + 878 2082 + 611 2402 + 712 2812 + 1044*
(87) (101) (118)
relative weight (mg/100 g) 5685 + 1826 5112 = 1521 5798 + 1767 R 7060 & 2521%*
(%0) (102) . (124)
Females )
absolute weight (mg) 2143 + 627 2264 &+ 392 - . 2088 + 458 2359 & 1541
. (106) 7 (110)
relative weight (mg/100 g) 5509 & 1246 5581 664 5580 = 1162 6269 + 3745
(101 (101) (114)

: Data extracted from Study No. 2194, p. 72 and pp. 588-603.
Numbers in parentheses indicate percent control.

* Significantly different from control, p < 0.05
** significantly different from control, p < 0.01

TABLE 9. Incidence of Selected Macroscopic Liver Pathology Findings in
Mice Ingesting Imazalil in the Diet for up to 23 Months?

Incidence of Liver Pathology by Dietary Level {ppm)

0 50 200 600
Males
Liver focus 3/50 1/50 7/50 7/50
Liver mass 11/50 9/50 21/50 20/50
Liver nodule 1/50 4/50 7/50 3/50
Females
Liver focus 5/50 4/50 1/50 5750
Liver mass 2/50 - 6/50 2/50 5/50
Liver nodule 0/50 4/50 0/50 3/50

‘pata extracted from Study No. 2194, pp. 77-86.

@@ .
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findings corresponded to treatment-related histopathology
findings.

Microscopic pathology -

1) Non-neoplastic - Histopathologic analyses showed dose-
related increases in the incidence and/or severity of focal
cellular changes, large vacuoles, and pigmentation or
swelling in the sinusoidal cells of the liver in males at
200 and/or 600 ppm (Table 10). 1In addition, males at 600
ppm had a significantly increased incidence of focal
cellular changes in the pancreas. Females did not show any
increases in liver histopathology compared to controls.

However, vaginal metaplasia was increased in the 600-ppm
group.

Reanalysis of the liver sections by an independent
pathologist failed to find any statistically 51gn1flcant
nonneoplastic changes in livers of treated mice.

2) Neoplastic - Dose-related increases in the incidence of
hepatic neoplasms were observed in both male and female mice
(Table 1lla). The incidence of hepatic neoplasms was
significantly increased in mid- and high-dose males and in
high-dose females. The incidence of hepatic neoplastic
nodules was also significantly increased in mid- and high-
dose males. The incidence of hepatic neoplastic nodules was
not significantly increased in any group of females, but a
statistically significant positive trend was observed.
High-dose males also had a slight increase in the incidence
of hepatic carcinomas (not statistically significant).

Reanalysis of liver sections by an independent pathologist
found similar results, but because of differences in
nomenclature and diagnostic criteria, somewhat lower numbers
of benign tumors were reported overall (Table 11lb). The
differences in the number of benign tumors were attributed
to the inclusion by the performing laboratory of some
lesions designated by the independent pathologist as
"hepatocellular hyperplasia" or "foci of alteration
(basophilic or eosinophilic)." Table 12 shows the incidence
of hepatocellular hyperplasia and foci of alteration
(basophilic or eosinophilic) that were observed by the
independent pathologist. The number of these findings that
were classified as neoplastic nodules by the performing
laboratory are also noted. No increased incidence of tumors
other than liver tumors were observed in the imazalil-
treated animals in this study.

y o
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TABLE 10. Incidence of Selected Nonneoplastic Histopathology Findings
in Mice Ingesting Imazalil in the Diet for up to 23 Months?P

Incidence of Histopathology by Dietary Level (ppm)

0 50 200 600 ~ -

Liver
~focal cellular changes 2/50 (1) 4/49 (1.3) 10/50* (1.2) 8/50 (1.5)
-Large vacuoles 1/50 (1) 0749 8/50* (1) - 9/50* (1)
~Pigmentation in sinusoidal cells 10/50 (1) 3749 (D) 11/50 (1.2) 20/50* (1.2)
-Swollen sinusoidal cells 24/50 (1) 27749 (1.1 37/50* (1) . 26/50 (1
—Parenchymal cellular swelling 2/50 (1) 0749 2/50 (1) 0/50
-Large vacuoles/vacuolization 5/50 (1) 3/49 (1) 8/50 (1) 12750 (1)
Pancreas . .
~Focal cellular changes 0/50 2/49 (1 2/50 (1) 6/49* (1)

_ Females
Liver
=Focal cellular changes 2/50 (1) 1/50 (1) 2/50 (1) 2/50 (1
—-Large vacuoles 0/50 1/50 (1) 1750 (1) 5/50 (1.2)
—Pigmentation in sinusoidal cells 12/50 (1.2) 10/50 (1.1) 11/50 (1.3) 12/50 (1.3 -
-Swollen sinusoidal cells 39/50 (1.1) 28/50* (1.1) 32/50 (1.1 28/50* (1.1)
~Parenchymal cellular swelling 0/50 0/50 0/50 4/50 (1)
-Large vacuoles/vacuolizatioh 1/50 (1) 1/50 (1) 3/50 (1) 9/50 (1)
Pancreas ’ A
~Focal cellular changes ' 2/50 (1) 4749 (1 1749 (1) 5/50 (1)
-Metaplasia 9/64 (1.4) 11748 (1.5 9/46 (1.7) 22/48* (1.6)

: Data extracted from Study No. 2194, pp. 95-117, and pp. 604-1004.
Numbers in parentheses indicate average severity.

* significantly different from control, p < 0.05 using Fisher’s exact test performed by the reviewers
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TABLE 1la. Tumor Incidence Data for Mice Ingesting
Imazalil in the Diet for up to 23 Months?

Tumor Incidence Data by Dietary Level (ppm)

0 50 200 600 p-value®
’ (for trend)

Males
Hepatocytic neoplasms 13/50 10/49 25/50* 25/50* 0.0002
—Hepatic neoplastic nodule 8/50 5/4§c 23/50%* 17/50%% - 0.0006
~Hepatic neoplastic nodule ggix' 8/50 3/749: 19/50 14/50 C—
~Hepatic carcinoma 5/50 7/49 '6/50 11/50 0.0685
Females
Hepatocytic neoplasms 4/50 6/50 . 2/50 11/50* 0.0230
~Hepatic neoplastié nodule - 4/50 675098 0/50 10/50° 0.0475
~Hepatic neoplastic nodule ggle 4/50 5/50 0/50 9/50 —
~Hepatic carcinoma 0/50 1/50 2/50 2/50 0.1000

Data extracted from Study No. 2194, pp. 122-125.

The p-value obtained by Peto-analysis for a dose-related trend in tumor incidence.
Two animals also had an hepatic carcinoma.

Four animals also had an hepatic carcinoma.

Three animals also had an hepatic carcinoma.

Data for hepatic neoplastic nodule only was not statistically analyzed.

One animal also had an hepatic carcinoma.

o -« 0" g 0 o M

* Significantly different from‘control, p < 0.05 (pairwise analysis using one-tailed Chi-square test)

** Significantly different from control, p < 0.01 (pairwise analysis using one-tailed Chi-square test)
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TABLE 11b. Tumor Incidence Data from the Independent Pathologisit for
Mice Ingesting Imazalil in the Diet for up to 23 Months?®

Tumor Incidence Data by Dietary Level (ppm)

0 50 200 600 -
Males
Hepatocytic neoplasms 10/50 8/49 17/50 22/50*
—Hepatic adenoma® 5/50 2/49 14/50%° 13/50°
~Hepatic adenoma only® 5/50 2/69 11/50 : 1;/50
~Hepatic carcinoma - 5/50 6/49 6/50 11/50
Females
Hepatocytic neoplasms ' 3/50 5/50 ) 2/50 9/50
~Hepatic adenoma® 3/50 3/50 0/50 7/50°
—Hepatic adenoma onty® 3/50 3/50 0/50 6/50
-Hepatic carcinoma 0/50 2/50 2/50 3/50

- ® o0 oW

*

Data extracted from Study No. 2194, pp. 277-290.

See text for an explanation.

Three animals also had an hepatic carcinoma.

Two animals also had an hepatic carcinoma.

Data for hepatic adenomas only was not statistically analyzed.
One animal also had an hepatic carcinoma.

Significantly different from control, p < 0.05 (pairwise analysis using one-tailed Chi-square test)

=
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TABLE 12. Incidence of Selected Histopathology bv the Independent Patholocist

in Mice Ingesting Imazalil in the Diet for up to 23 Months?®

i
Incidence Data by Dietary Level (ppm)

0 50 . 200 600 -
Males
Hepatocellular hyperplasia
—total 4/50 2/49 12/50 8/50
—reported as neoplastic
nodules by the study authors 3/50 1749 7/50 3/50
Focus of alteration
(basophilic or eosinophilic) - . )
-total 1/50 3749 ) 2/50 6/50"
~reported as neoplastic
nodules by the study authors 0/50 1749 2/50 1/50
Eemales
Hepatocellular hyperplasia
—total . 1/50 1/50 0/50 3/50
-reported as neoplastic
nodules by the study authors 1/50 0/50 0/50 2/50
Focus of alteration 0/50 0/50 0/50 0/50

(basophilic or eosinophilic)

® Data extracted f}om Study No. 2194, pp. 277-290.
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DISCUSSION

Review of the final report and supporting data indicates that the
conduct of the study was adequate and the reporting of the results was
accurate. However, no evidence of systemic toxicity was observed 4n _
females at the highest dose tested. Other study deficiencies are listed
below. The liver was the primary target organ for imazalil toxicity in
mice. This finding is consistent with the results of the range-finding
study (Experiment No. 2020). In the current study, modest
histopathological changes (an increased incidence of hepatic focal
cellular changes, large vacuoles, and swollen sinusoidal cells) were
observed in livers of mid-dose males. At the highest dose tested, males
also had increased absolute and relative liver weights, an increased
incidence of pigmentation of sinusoidal cells, and decreased body weight
and body weight gain. 1In addition, high-dose males had an increased
incidence of focal cellular changes in the pancreas.

Based on the histopathological changes observed in livers of mid-dose
males, the LOEL for systemic toxicity in males is 200 ppm

(28.0 mg/kg/day). The NOEL for systemic toxicity in males is 50 ppm
(6.76 mg/kg/day). The NOEL for systemic toxicity in females is 600 ppm
(110 mg/kg/day); no LOEL was established in females.

Statistically significant increases in incidences of hepatic neoplasms
were observed in both males (mid- and high-dose) and females (high-
dose). Hepatic neoplastic nodules exhibited a significant positive
dose-related trends in both males and females, but only males (mid- and
high-dose) had statistically significant increases in incidence. High-
dose males also had a slight (but not statistically significant)
increase in the incidence of hepatic carcinoma. Reanalysis of the
hepatic lesions by an independent pathologist found similar results.

Historical data for liver tumors in the testing laboratory are presented
in Table 13.

STUDY DEFICIENCIES are as follows:

- No information was provided regarding the homogeneity of the diet.

- No information was provided regarding the method of analysis for the
concentration of test material in the diet and insufficient
concentration data were presented to determine the achieved dietary
concentrations at each dietary level.

- Feed spillage precluded determining actual food consumption and test
article intake. The study author used the food consumption of the
control groups as default values based on the conclusion that since body
weights of the treated mice (excepting high-dose males) were comparable
to controls, the food consumption of treated mice was not greater than

that of controls.

/'\b



Imazalil

TABLE 13,

Carcinogenicity Study 83-2

Historical Control Data for Liver Neoplasm
Incidence in Mice at the Testing Facility®®

Incidence for Each Experiment Number

Exp. No. 1649 1881 1987 2030 1927
Start Date 10/24/86 3/1/88 3/16/88 6/2/88 8/28/88 -
Duration (months) 25 19 19 18 18
Males
Hepatocellular neoplasia 14/50. 11/50 11749 7/50 3/50
(28) (22) (22) (14) (6)
—~Hepatic neoplastic nodule 10/50 7/50 9/49 3/50 3/50
(20) (14) (18) (6) (6)
~Hepatocytic carcinoma 6/50 6/50 3/49 6/50 0/50
(12) (12) N C-)] (12) (o)
Females .
Hepatocel lular neoplasia 0/50 1/50 1749 0/50 1/50
(0) (2) 2) (0) (2)
—Hepatic neoplasti¢ nodule 0/50 1/50 1749 0/50 0/50
’ 0) (2) (2) (0) (0)
-Hepatocytic carcinoma 0/50 0/50 0/49 0/50 1/50
(0) 0 0) Q1)) (2)

. Data extracted from Study No. 2194, pp. 29 and 296.
Numbers in parentheses indicate percent incidence.
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- Complete histopathological examinations were not conducted on animals
from the low- and mid-doses that died on study. This may be a minor
deviation because a large number of organs (including those that
exhibited treatment-related pathological changes in high-dose animals)
were examined in all animals at all dose levels.

- Females exhibited no significant systemic toxicity at any of the
doses tested.

This study is classified as Core Minimum. The study deficiencies
described above were not considered serious enough to warrant a lower
classification or to require that the study be repeated.
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MEMORANDUM

SUBJECT: Imazalil - Dose Selection for Mouse Cmcogenicity Study. Submitted
by Janssen Pharmaceutica by Fax on April 7, 1989. '

Tox. Chem. No.: 497AB
TO: Susan Lewis
Product Manager #21
Registration Division (H7505C)

FROM: Judith W. Hauswirth, Ph.D., Chief W D . aca b

— Toxicology Branch I - IRS 4[2¢/89
Health Effects Division (H7509C) -

THRU: William L. Burnam, Acting Director {/4/5
" Health Effects Division (H7509C) 5 /&'7

The registrant has sent a desk copy of a recently completed 90 day mause study
on imazalil to aid in the dosage selection for an oncogenicity study.
Subsequent to this submission, Dr. H. J. van Cauteren of Janssen Pharmaceutica
in Belgium called to discuss the study and to set appropriate dosage levels for
the oncogenicity study. This telephone conversation tock place during the week
of March 20, 1989. He then faxed his version of this conversation to this
reviewer along with his proposed high dosage level for the mouse study (A copy
of the faxed material is attached for information).

Dr. van Cauteren proposed a high dose of 600 ppm for the oncogenicity study.
Toxicology Branch I agrees to this dosage level based upon depressed body
weight qain seen in males and females at 800 ppm in the 90 day range finding
study. The percentage body weight decrement at this dosage level was by
Toxicology Branch's calculations 30% in females and 25% in males. The differ-
ences in body weight qains were statistically significant at several time
points during the 90 day study for females but not for males. Toxicology
Branch notes that although the food consumption table in the report indicates
that the dosed groupe ate more than the control group, the report states that
food wastage was a problem in this study. We also note that the mice were
housed 2-3 per cage which could have contributed to wastage. The report
further states that there could have been a palatability problem with the
treated diet. Based upon the values given in the table for food consumption,
it is difficult to determine whether this was a problem. We urge that csre
be taken in the long term study to determine whether there is a palatability
problem at 600 ppm.

Other effects seen at 800 pem in the range finding study were hepatocellular

B



vacuolar degeneration, a decrease in albumin, phospholipids, and total
bilirubin in males and femles and a decrease in AST in females only.
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. ' TELEFAX - ¥o.703-5570233
TELBPHONE NUMBER: 703-5577397

TO: : Dec. Judith W. HAUSWIRTH - Ax;linqton VA 22202 - U.S.A.
FROM: Dr. H. Van Cauteren - Janssen Pharmaceutica - Belgium -
DATE: April 7, 1989

SUBJ.: Imazelil

Dose levels for mouse carcinogenicity study

Dear Dr. Hauswireh,

- Belesiing to correspondence dated March 8, 1989, from Bill Goodwine ro
you, & desk copy of a subchronje feediug study in mice (Exp.2020,
December 2, 1988) was submitted for review and cogment,

Subsequently, we spoke by phone and agreed that the finding, with regard
to MID, supported a high dose between 400 and 300 ppam.

Please find below, my dose level suggestions and Justificarion for che
24-month mouse carcinogenicity study.

Protocel

In geceral, the protocol of this mouse carcimogeaicity study will bae
fully compliant with the EPA guidelines (1984). More specifically, we
will meet the criteria of the test procedures with regard to age (5 weeks
at start), sex and number of mice (S0 males and females/group), elinical
observations (daily, weekly), measurements of body weight and of fooa
consumption (weekly, monthly), clinjeal pathology (at 12 and 18 wonths
aad termigally)., gross Becropsy (iacluding organ weights in terminal
animals), and histopathology.

Bopta af administration and doge_level selection
Imazalil will be admized into the diet at levels of 50, 200 and 600 ppu.
These levels bave been selected based upoa the following:

- Fifty ppm is an appropriate low dose since it is estimated to be a
no-toxic effect level (HOEL). This level is in the same order of
maguitude as the medium dose of the previously conducted mice
carcinogenicity stady (25 PP® io the drinking water is approximately
equivalent to 50 ppm into the feed assunming mice drink about ths double
of the dry feed they consume). .

- As an iotermediate dose, 200 Ppm will be used. It is estimated to be at
the borderline of toxicity based upon 2 3-month dose range finding
study (Exp.No.2020) vhereby dosing at 200 ppm resulted iz slightly
decreased aspartate amigotransferase, cholesterol and phospholipid
values in the serum of females and in a vacuolar degeaeration in the
liver of males. This dose level also falls in the same order of
wogo i binde 0f 1he WIgh Muae af (e previnusly randinrren mice
coreimegenieity study (100 PB® {1 €hé Julidiuu wales fo cerreerntont
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- The high dose vill be. 600 PPMm. In a 3-gmontn dose ragge finding Study
(Exp.2020), dosing at 409 PP® resulted jip toxicity which vas

total bilirubjp and Phosphelipids ;o males angd decrease of cholesterol
PRosPhelipids, tntal hilirubin and AgT 4q females)
modifications'on the liver (vacuolar degeneration and ceatrilobuiar
swelling). These effects were als0, but more Proaouncedq, Present at ggg
PPR. In addition, the liver weight was incredased and macroscopically
Showed a Swollen and dark aspect at this dose. In females, dosing at
800 ppm also resulted iz a lower body weight gain (about 12v), This
Study indicated thae the dose level of 400 and 800 ppa igee the diet
are toxic with cholesterol and lipia Betabolism and the liver as -
Potential targets,
Siace i

Prior to izitiating tne study, we would like to receive verification,
from you, that the subchronic feeding Study (Exp.2020) has beea revieweq
and supports the pProposed doge lcwvelg, Bill suggested that you mighe

e this by vay of ag Internal Memorandum to the istratian '
Ulvisavu, witl o Cupy Taxzesa veo Janssen, U.S.A. at (201 524-9895,30 that
W8 mAY proreed with our plamo s inielale Wy >Ludy lacer cajs montn.
Alt-rnativtly, e would be most grateful to receive a letter directly
from you or this matter by way of facsimjle. We will leave it up to you
to follow the best route. '

T will ask Bill Googdwine tg :ollnvéun this Terter withia the wews weel.,

Siacotcly,

OMA\ONCOM

1 .
Herman van Caute%en
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OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES ~
MEMORANDUM:

[3

SUBJECT: Submission of rat Carcinogenicity study (combination

review of both MRID 470261-012the 30 month study and MRID
00162412 the 18 month toxicity study) in the Wistar rat,.
and the One year, Chronic toxicity Study in dogs MRID

413288-02
Tox Chem No.: 497AB
HED Project No.: 0-1704
" Record No.: 267943
PC. Gode: 1\190|
TO: James Stone DP 20636\
PM. # 21 5 452508
Fungicide Branch
Registration Division (H7505C)
FROM: Henry Spencer, Ph.D. M W;Z
Pharmacologist
Review Section 3
Toxicology Branch 1
Health Effects Division ,7H7509C)
_ /7 ,
THRU: Karen Hamernik, Ph. U/"X{/ //7 2 fﬁé 7%
Section Head 1%
Review Section 3
Toxicology Branch 1
Health Effects Division (H7509C)
CONCLUSION:

The rat carcinogenicity study did not have sufficient
toxicity in the high dose for evaluating carcinogenicity of
the chemlcal Imazalil.

Howe' - . ver, minor effects of relatlvely non-toxicologic
s1gn1f1cance were reported in the review at the HDT (20
mg/kg/day), establishing a minimal effect (LEL) at 20
mg/kg/day for the chronic carcinogenicity study.

The supplemental (MRID 41558501) histopathological
information on the historical incidence of leydig cell
testicular tumors, and adenocarcinoma or epidermoid carcinomas
of the uterus adequately answered the concerns of the

significance.of the tuszjfgcidences seen in the 30 month rat

Recycled/Recyclable

3

% Printed with Soy/Canola Ink on paper that
contalns at least 50% recycled fibar



_2_
study. The testicular tumors are not considered to be
associated with administration of the test chemical based on
the lack of both statistically significant increased incidence
and the lack of a dose related increase in tumors. However,
uterine epidermoid carcinomas occurred twice in this same
- study - though only 1/50 for each dose group occurrence. The
question remains whether the occurrence of these two tumors
far exceeds the historical incidence of 1/50 for only one test
dose in 15 studies. Results of the historical data submitted._
are attached at the end of the rat study DER.

Data will be submitted to the HED Carcinogenicity Peer
Review committee with regard to whether an MTD or adequate
dosing regimen was. actually attained and also whether in fact
a concern exists over the incidences of the above tumor types.
reported in the study. Conclusions reported above may be
altered by the committee report.

The 12 month Chronic feeding study in the dog (MRID 413288-
02) showed increased vomiting and food wastage, mean body
weight gains and mean body weights were depressed at the HDT
of 20 mg/kg/day.

The LEL is 20 mg/kg/day and the NOEL is 5 mg/kg/day. (DER
attached).

Toxicology Branch concludes that the chronic rat study data
does allow for the establishment of only a minimal LOEL at 400
ppm with a NOEL established at 4.7 mg/kg/day in the females
based on liver effects.

The dog study is adequate to fulfill the Gl 83-1b.

Executive summaries are attached to the end of the DERs.
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DATA EVALUATION RECORD

GUIDELINE §83-2, 8z-1

STUDY TYPE: Chronic oncogenicity feeding study in rats.

¥=ID NUMBERS: 470261-012 (30-month study); Ni$T.ConT. 55852/
00162412 (18-month study). ‘

Tox Chomd 497 A8 PC. Cod? 190l
IEST MATERIAL: Imazalil base-R 23979, technical.

SYNONYM: 1-[2-(2,4-dichlorophenyl) -2~ (2-propenyloxy)ethyl]-1H-
inridazole.

STUDY NUMBER: B82-0555.
419
SPONSOR: Janssen Pharmaceutica, Beerse, Belgium.
TESTING FACILITY: Netherlands Organization for Applied Scientific

Research; Division for Nutrition and Food Research, 3700 AJ Zeist,
YXetherlands.

TZITLES OF REPORTS: 1. Lifespan Oral Carcinogenicity Study with
Imazalil Base-R 23979 in Rats.
2. 18-Month Oral Chronic Tox1c1ty Study with
Imazalil Base-R 23979 in Rats.

AUTHORS: Til, H. P.; Lina, B.A.R.; van Nesselrooij; J. H. J., Beerns,
. B.; Falke, H. E.

REPORTS ISSUED: May 1984 (18-month report) ;
November 1985 (30-month report).
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CONCLUSIONS: ‘ BRIt ¢o

Under the conditions of the present studies Imazalil was not
carcinogenic when fed to Cpb:WU Wistar rats for 18 or 30 months at
dietary levels cf 25, 100, or 400 ppm (approximately 1.0, 3.7, or
15.5 mg/kg/day in males and 1.2, 4.9, or 2§.0 mg/kg/day in
females). Leydig cell tumors of the testes were increased at 30
months in all dosed groups of males (6 to 8%) when compared to
controls (2%); although this is not considered to be of toxicologic
importance, it cannot be fully evaluated until the sponsor provides
laboratory histczical data for incidence in rats of comparable age.

Minimal decrements in body weight gains in females receiving. 400
ppmn were observed after 52 weeks, and slight nonsignificant
increases in liver weights were seen in males receiving 400 ppm (18
and 30 months). Focal hepatocellular vacuolation was increased in .
high-dose males that survived to 30 months (6/17 versus 2/17
controls), and at 18 months there was an increased incidence of
intracytoplasmic inclusion bodies in hepatocytes (5/20 versus 0/20
for controls) and an increased severity of hepatocyte vacuolization
in high-dose males. No other effects of toxicologic. importance
related to dosing were observed in the 400-ppm groups, and no toxic

effects were obsarved at 25 or 100 ppm.- - The rats could probably
have tolerated a higher dose. '

Core Classificat\jon: - The 30-month study is CORE supplementary for \o,',\‘\w.&
an oncogenicity study (Guideline 83-2). The classification may be 5r€e affed
upgraded to minimum after review of laboratory historical inc:’_.ggnca“

of Leydig cell tumors of the testis and clarification of th j’
rationale for dose selection. The 18-month study is CORE
Supplementary for a chronic toxicity study (Guideline 83-1). This
classification may be upgraded based on results of 6- and 12-month
studies referred to by the authors, which were not reviewed in this
DER. . Jubs ca‘uev\T Re\/\uwa of These gTudies A0S o\ &
Suwpport The )'mcb\w dose ofF the |gor 30
ponThh stud ies

A. MATERIALS: e Yy 5y
1. Test Compound: Imazalil base-R 23879; description:

slightly yellow to brown crystalline mass (solidified oil):

batch No.: D41/03; purity: 98.1%,“_
M From wee ' e technical
. material was o a carrier (equal volumes of
mso that a 50% powder was obtained
(purity 48%). Feeding levels were based an technical

Imazalil. '

2. Test Animals: Species: rat; strain: Cpb:WU (Wistar
random); age: 3.5 weeks at receipt amd 4.5 weeks at
initiation; weight: 35 to 50 g at receipt; mean group
weights at initjiation--lifetime study: 65.7 to 65.9 g
(males) and 66.5 to 67.0 g (females), 18-month study: 70.3
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to 70.6 g (males) and %4.5 to 64.7 g (females); source:

Central Institute for the Breeding of Laboratory Animals,
TNO, Zeist, Netherlandés.

B. STUDY DESIGN:

1. Animal Assignment: Animals were acclimated for 7 days and
received a health exanination. Animals were assigned to
the following test grcups by computer randomizationz:

Dose in Lifetime Study 18-Month
Test Diet {30 months) Study
Group (ppm) Mz3les Females Males Females
1 Control 0 50 50 20 20
2 Low (LDT) 25 50 50 20 20
3 Mid (MDT) 100 50 50 20 20
4 High (HDT) 400 50 50

20 20

Doses were based on a previous carcinogenicity study (667-
79-04.20). A previous &é-month study (CIVIO v83.186, 1983)
used the same dose levels as the present study.

2. Diet Preparation: Higa-dose diets were prepared by mixing
. an appropriate amount of test compound with powdered diet
for 2 minutes in a Stephan mechanical blender. Mid- and

low-dose diets were prepared by diluting the high-dose
diets with additional feed, and mixing. After we

of test compound and a carrier ﬂ
was used to prepare
lets 1n an attemp C 2mprove

omogeneity; the amount of
test compound was corrscted for the carrier.

Carrier was
added to control diets.

Fresh diets were prepared every 2
to 3 weeks. Samples were collected monthly and stored for

analysis. Homogeneity of samples prepared with Imazalil
was assayed at 0, 2, and 6 months, and homogeneity of diets
prepared with carrier was assayed at 10 months. Stability
of test compound in diets was determined at 2 and 6 months
by analysis before and after storage of the diets at room
temperature for 4 weeks. Test compound in the diets was

analyzed at 10 intervals over 18 months and 14 times over
30 months. ‘

Results: Test compound was completely stable in the .diets
stored for 1 month at room temperature. The homogeneity
was not acceptable for low- and mid-dose diets analyzed at

5
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0 and 2 months; the coefficients of wvariation (five
samples) were 27.5% and 16.5% at 25 ppm and 22.7 and 5.4%
at 100 ppm, but were 3.5 and 3.1% for the high-dose diets.
For diets prepared with Imazalil/carrier, the coefficients
of variation for all diets ranged between 1.2 and 2.2%.
Table 1 summarizes data for analyses of Imazalil in diets.
Analyzed values were generally about 90% of target levels.

TABLE 1. Data on Dietary Analysis of Imazalil - -

Analyzed Levels as Perceht of Nominal + C.V.

11 months 18 months 30 months
(N = 6) (N = 10) (N = 14)
25 95.2 + 10.4 94.0 * 10.0 94.4 + 8.8
100 87.6 + 6.0 ' 90.0 + 8.2 90.9 * 7.9
400 85.1 * 10.7 89.8 +* 11.7 92.2 * 11.5
3. Food and Water Consumption: Animals received the.

laboratory's cereal-based stock diet (mixed by Van Eck,

Cothen, Netherlands) ad libitum. All rats had free access

to nonfluoridated tapwater by means of an automatic

watering system. However, this system malfunctioned during

weeks 1 and 15; therefore, water wvas supplied in glass
- bottles from week 15.

4, Statistics: The following procedures were utilized in
analyzing. the numerical data. Body weight, food intake,
food efficiency, plasma albumin, and organ weight data were
evaluated by analysis of variance, analysis of covariance
(organ weights), followed by multiple comparison tests
(Dunnett), or by the L.S.D. test (for food intake and food
efficiency). Total and differential white blood cell
counts were analyzed by the Mann/Whitney U-test. Data on
mortality and histopathological - changes were evaluated
using Fisher's exact probability test (one-tailed).

5. ©Quality Assurance: Quality assurance statements were
signed and dated May 14, 1984, for the 18-month study and
November 12, 1985, for the 30-month study. '

C. METHODS ANMD RESULTS:

1. Observations: Animals were inspected daily for general
behavior and condition and for mortality and morbidity.

6
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Detailed examinaticns and palpation of masses were
conducted every 4 w=eks for the first 12 months and
biweekly thereafter.

Results: Table 2 presents data on mortality and percent
survival. No effect of dosing was seen. Survival in the
18-month study was between 90 and 100% in all groups. 1In
the 30-month study, suarvival at 104 weeks was 66 to 76% in
male groups and 68 tc 78% in female groups; at 130 weeks,
group survival ranged between 20 and 34%. -

No overt signs of toxicity were observed that were

considered related to dosing. Symptoms of aging developed

late in the study but the incidence of unthrifty animals

did not differ between groups. Symptoms indicating

respiratory tract infections such as sniffing, grunting,
and encrustation about the nose were present in all groups

including controls, and their incidence increased with time

into the study. In the 78-week study, sniffing was

observed in 16 to 19 ratsy/group, grunting in approximately

6/group, and nose encrustation in about 4/group. 1In the

30-month study, sniffing was observed in 16 to 24

males/group and 12 to 18 females/group between weeks 53 and

65, but was seen in more than 90% of males and females in

all groups in the period between 92 and 130 weeks. The "
number of animals with palpable masses and the number of

masses observed were not affected by dosing.

Body Weight: Body waights were recorded weekly for the
first 12 weeks of treatment and biweekly thereafter.

Results: Tables 3, 4, and 5 summarize mean body weight
data at representative intervals in the 30-month and 18-
month studies. Mean weights of high-dose males were
significantly lower in the first 16 weeks for the 30-ponth
study than in controls, suggesting a palatability problem.
The weight gain in the first week was 13.6 g for the high-
dose males as coonpared to 24.0 g for controls.
Interpretation of this initial decrease is complicated by
the fact that the automatic watering system failed in the
first week; this caused a 1lower than normal food
consumption in all groups. For weeks 1 to 12 of the 30-
month study, the weigkt gain in high-dose males (264 g) was
93% of the control gain, and for the first 78 weeks, weight
gains were nearly identical in control and high-dose males
(Table 5). In females (30-month study), mean body weights
were similar in all groups until week 66 when a decrement
was seen at the high dose. No significant differences were
seen, but at 130 weeks the mean weights in high-dose
females were 5.4% lower than in controls.
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TABLE 5. Mean Weight Gains (g) in Rats Fed Imazalil®

Dietary 30-Mcnth_Study 18-Month Study
Level
(ppm) 12 Weeks 78 Weeks 12 Weeks 78 Weeks
Males )
0 284.8 448.1 272.2 414 .4
25 277.7 433.7 273.2 407.1
100 282.7 459.0 267.3 414.2
400 264.2 448.2 276.7 428.4
Females
0 139.0 235.1 143.1 258.8
25 142.2 2j8'3. 147.4 245.9
100 136.2 236.9 148.7 237.6
400 140.8 227.7 141.6 215.0

%calculated by subtraction of means; values are not the means of
individual animal weight gain.
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In the 18-month study, no effect of dosing on body welghtz//
was observed in males; mean tody weights in high-dos
females were significantly lcwer (p <0.01) than control’s
from weeks 60 to 78. At weekx 78, the mean body weights
were 14% lower in high-dose fenales than in controls and
the weight gain was 17% lower than in controls.

3. Food Consumption and Compound Intake: Food consumption was
determined weekly on a cage kasis, and weekly dietary
consumption per rat was calculated. Eff1c1ency was
calculated from the consumption and body welght gain data
for the first 12 weeks.

Results: No effects of dosing on overall food consumption
were observed. Food consumption was markedly depressed in
all groups in weeks 1 and 15 when the watering system
failed. Values for all groups were approximately 55 to 70%
of the values in the preceding or following weeks. Food
consumption was significantly decreased during week 1 (30-
month study) when high-dose mnales (49.4 g/week) were
compared to controls (62 g/week), and food efficiency was
depressed. Food consumption in hlgh-dose males tended to
be con51stently marginally lower than in controls (2 to
3 g/rat/week) in the 30-month study but not in the 18-month
study. Food efficiency (weeks 1 to 12) was similar in
dosed and control groups in koth studies. Mean compound
intake, calculated on the Lasis of overall mean body
weights and food consumption, and the analyzed levels of
Imazalil in the diets were reported, and the data are
summarized in Table 6.

4. Ophthalmological Examinations: Ophthalmologlcal examina-
tions were performed on animals in the control group and
high-dose group at study initiation and during weeks.52 and
104. Examinations were not conducted for the 18-month
study.

Results: No effects related t¢ dosing were observed.

5. Hematology and Clinical Chemistry: Blood was collected
from the tip of the tail of all rats in the 18-month study
at week 77 for hematology. Blood was also collected from
10 rats/sex/group at the 78-week necropsy for clinical
chemistry. The CHECKED (X) parameters were examined:

12
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TABLE 6. Compound Intake in Rats Fed Imazalil

Intake (mg/kg/dar)

Dietary Level (ppm; 18-Month Study 30-¥onth Study

vNominal ~  Actual Males Females Males Females
25 23.6 1.0 1.2 1.0 1.2
100 90.9 3.9 5.1 3.6 4.7
400 368.8 15.9 20.3 15.0 19.7
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a. Hematology:

Hematocrit (HCT)?t
Hemoglobin (HGB)*t
Leukocyte count (WBC)f?t

Erythrocyte count (RBC)?t

Platelet count?

Reticulocyte count (RETIC)

Red cell morphology

L el

Leukocyte differential count®

Mean corpuscular HGB (MCH)

Mean corpuscular HGB concen-
tration (MCHC)

Mean corpuscular volume (MCV)

Coagulation:thromboplastin
time (PT)

Results: Platelet counts were significantly increased.
(p <0.01) in high-dose females (1039 * 39 10E9/L) when
compared to controls (885 * 37 10E9/L). But the values
were reported within the historical range and no changes
were seen in males. No changes were seen in other parame-
ters. Hematology parameters were not examined in the 30-
month study. :

b. Clinical Chemistry:

Electrolytes : Other
Calcium? X Albumint
Chlorideft Albumin/globulin ratio
Magnesiumf X Blood creatininet .
Phosphorus?t X Blood urea nitrogent
Potassiumf X Cholesterol?
Sodium? Globulins '
X Glucoseft
Enzymes X Total bilirubint
Alkaline phosphatase (ALP) Direct bilirubin
. Cholinesterase Total proteint
Creatine phosphokinase?t Triglycerides
Lactic acid dehydrogenase X Haptoglobulin
Serum alanine aminotransferase '
(sGpT) '
Serum aspartate aminotransferase
(SGOT) f

Gamma glutamyltransferase (GGT)

In the 30-month study, blood was collected from 10
rats/sex/group at week 131 for analysis of plasma albumin.

Results: The level of albumin was decreased in males
receiving 400 ppm at 18 months, but the value was within
one standard deviation of the control value and no corre-
sponding change was seen at week 131. Serum GPT was
slightly decreased (not significant) in males receiving
400 ppm (18 months) when compared to controls. All other
parameters were similar in control and dosed groups.

fReccmmended by Subdivision F (November 1984) Guidelines.

?Control and high-dose groups only.
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6. Urinalysis: Urine was collected from fasted animals at 77
weeks in the 18-month study (10/sex/group). The CHECKED
(X) parameters were examined:
X Appearancet X Glucoset
X Volumet? , X Ketonest
X Specific gravityt X Bilirubint
X pH ) X Bloodt?t
X Sediment (microscopic)t Nitrate
X Proteiny X Urobilinogen -
Results: <7Values were comparable for volume and spec1f1c
gravity among groups, and there were no changes in composi-
tion. Urinalysis was not performed in the 30-month study.
7. Sacrifice and Pathology: All animals that died and that-
were sacrificed on schedule were subject to gross patholog-
ical examimation, and the CHECKED (X) tissues were collect-
ed for histological examination. In addition, the (XX)
organs were weighed: :
Digestive Swvstem Cardiovasc./Hemat. Neurologic
X Tongue X Aortat XX Braint
X Salivary glandsf XX Heart? X Peripheral nerve
X Esophagust X Bone marrowf (sciatic nerve)t
X Stomacht X Lymph nodest?t X Spinal cord
X Duodenum? XX Spleent (2 levels)
X Jejunum? XX Thymusft XX Pituitaryt
X Ileum?f X Eyes
X Cecum?t (optic nerve)t
X Colont :
X Rectumf Urogenital Glandular
XX Liverf?t XX Kidneyst XX Adrenalsft
Gallbladder? X Urinary bladdert X Lacrimal gland
XX Pancreast XX Testest X Mammary glandf
X Epididymides XX Thyroids?t
X Prostate XX Parathyroidst
~ X Seminal vesicle (weighed with
Respiratory XX Ovaries thyroids)
X Tracheat X Uterust X Harderian glands
XX Lungt (coagulating
glands)
g . Other
X Bone (sternum and
femur) t
X Skeletal musclef
X Skint
X All gross lesions

and massesf?t

fRecommended by Subdivision F (November 1984) Guidelines.
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In the 18-month study, the liver and kldneys of all animals
in all groups (20/sex/group)} were examined microscopically.
The complete list of tissues (above) was examined for 10
males and 10 females in the control- and high-dose groups,
and when possible for animals that died or were sacrificegd
moribund. Neoplasms, preneoplastic and hyperplastic
lesions, as well as other types of nonneoplastic lesions,
were recorded.

In the 30-month study, all of the listed organs were
examined in the high-dose and control groups for the
presence of hyperplastic, preneoplastic, and neoplastie
changes. A limited set of organs (liver, kidneys, lungs,
spleen, braln, testes, adrenals, thyroid and p1tu1tary) of
animals in the low- and mid-dose groups were examined for
hyperplastic, preneoplastic, and neoplastic lesions. Only
gross lesions suspected of being tumors were examined
microscopically, and if the abnormality was not a neoplasn
it was not necessarily recorded. For the livers of all
survivors of the control- and high-dose groups and the
kidneys and lungs of all survivors in all groups, all types
of nonneoplastic lesions were reportedly recorded.

Results:

a. Organ Weights: At 18 months and 30 months, the liver
weights showed a tendency to be increased in males
receiving 400 ppm, but the increases were not signifi-
cant when compared to centrols; the absolute weights of
livers were not affected in females, but the relative
weights were slightly increased in 400-ppm females at
both 18 and 30 months (Table 7). The absolute kidney
weights were not affected in males, but the relative
kidney weights were significantly increased at 18
months in females receiving 400 ppm and non-
significantly increased at 30 months in the female
group receiving 400 ppm (Table 7). These organ weight
changes were not considered of toxicologic importance
by the study authors, since there were no correlating
histologic changes. The absolute and relative adrenal
weights were increased in all dosed groups of females
at 18 months (Table 8), but this was attributed to the
control value being abnormally low in comparison to the
laboratory historical control weight in other studies
performed in the same time period. No weight changes
in adrenals were noted "at 30 months (Table 8). At 18
months, the brain-to-body weight ratio was increased in
high- dose females when compared to controls, but no
effects of dosing were noted on absolute brain weights
in females or on absolute or relative brain weights in
males. At 30 months, there were slight but 51gn1f1cant
decreases in brain welght in males receiving 100 and
400 ppm, but changes in relative brain welghts were not
significant (Table 8).
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TABLE 7. Liver and Kidney Weight Data (+ S.E.) for Rats Fed

Imazalil
Dietary 18 _months 30 months
Level
(ppm) g g9/kg g g/kg
0 11.89 * §g.55 24.4 £‘0.7 11.86 + 0.43 29.4 + 1.
25 11.57 * Q.47 24.1 * 0.5 ©10.99 * 0.46 30.0 * 1
100 11.49 * Q.41 23,7 £ 0.6 12.05 = 0.50 30.8 ¢
400 12.54 * 0.48 25.1 £ 0.5 13.13 +* 0.48 31.6 £
Females
0 7.17 * 0.14 23.5 £ Q.4 8.35 % 0.4i 32.4 + 1.3
25 7.02 £ 0.3C 23.7 £ 0.4 9.48 * 0.63 33.4 + 1.3
100 7.37 * 0.35 25.6 * 0.8% 8.86 * 0.56 33.8 +
400 6.76 * 0.25 25,2 £ 0.4.x_ 8.35 * 0.42 34.8.1 1.5
Kidneys Males
0 2.91 * 0.09 6.01 £ 0.13 3.36 £ 0.13 8.36 £ 0f40
25 2.88 * 0.09 6.02 £ 0.07 3.12 * 0.11 8.52 * 0.49
100 2.87 * 0.07 5.96 & 0.11 3.41 * 0.12 8.68 + 0.30
400 2.95 + 0.08 5.94 + 0.13 3.45 £ 0.12 8.31 * 0.26
Females
0 1.97 * 0.05 6.48 + 0.17 2.17 * 0.08 8.55 * 0.24
25 1.89 * 0.05 6.47 * 0.15 2.26 * 0.06 8.10 * 0.26
100 2.04 * 0.07 7.17 £ 0.20% 2.14 * 0.07 8.30 i 0.25
400 2.07 * 0.07 + 0.08 9.32 + 0.48

7.74 £0.19%%* 2.22

*Significantly different from control value (p <0.05).

**Significantly different from control value (p <0.01).
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TABLE 8.

Brain

and Adrenal Glan3 Weight Data for Rats Fed Imazalil

Dietary
Level 18 Months 30 Months
(ppm) '
Brain g " ¢g/kg g g9/kg *
¥ales _ -
0 2.10 £ 0.03 4.37 =z D.10 2.19 * 0.03 5.47 * 0.18
25 2.09 £ 0.03 4.42 = D.10 2.15 + 0.02 5.85 + 0.13
100 2.10 £ 0.03 4.37 = 0.09 2.11 + 0.02%* 5.39 *# 0.12
400 2.13 + 0.02 4.32 = D.10 2.09+0.02%%* 5.07 * 0.16
ZM
0 1.90 £ 0.02 6.25 = D.12 1.87 + 0.02 7.43 * 0.27
25 1.86 =+ 0.03 6.41 = 0.20 1.90 £ 0.03 6.86-+ 0.31
100 1.88 £ 0.02 6.65 = D.19 1.88 + 0.03 7.42 + 0.33
400 1.91 + 0.02 7.20 = D.15%%* 1.93 + 0.03 8.13 + 0.37
Adrenals mg mg/ kg mg , mg/kg
Mzles
0 53 + 2 109 = 5 66 + 5 167 + 14
25 53 + 3 112 £ 5 66 + 3 179 + 11
100 53 + 2 110 + 5 69 t+ 2 177 * 7
400 51 £ 2 105 £ 4 74 + 3 181 + 11
Famales
o 51 % 2 168 + 8 = 86 + 5 347 + 26
25 61 =+ 3 209 *+ g% 83 + 5 297.1 14
100 64 + 4% 227 + 14%% 76 + 4 298 + 21
400 62 + 3 234 * 13%% 82 + 7 349 * 37
*Significantly different from contrel value (p <0.05).
**Significantly different from control value (p <0.01).
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b. Gross Pathology (18-Month Study): Table 9 summarizes
gross findings in the 18~month study. The incidence of
masses suspected of being tumors was low. An increase
in livers with a prominent lobular pattern was observed
in males and females receiving 100 and 400 ppm. No
clear dose-related increase in other findings was
apparent. )

c. Microscopic Pathology (18-Month Study) :

1) Nonneoplastic: Table 10 summarizes microscopic
findings in the liver and kidneys. An increase in_
the incidence of intracytoplasmic inclusion bodies
and an increase in the severity ‘of vacuolization
of hepatocytes was observed in the liver of males
receiving 400 ppm. The vacuolization of hepato-
cytes was mainly in the periportal area and corre-
lated with the pronounced lobular pattern of the.
liver. The inclusion bodies in the vacuoles were
eosinophilic, did not stain for glycogen or fat,
and were considered related to dosing since they
were not found in controls. An increase in the
severity of bile duct proliferation was also
observed in high-dose males.

Nephrosis was present and more frequent in male
groups than in females; mineralization of the .
kidneys was more frequent in females than males.
There was no increase in the incidence or severity
of kidney findings in dosed rats. Other organs
were examined for only 10 rats/sex in control- and
high-dose groups and for rats that died in the
mid- and low-dose groups. Frequent findings or
those that were increased or decreased in- high-
dose rats when compared to controls are presented
in Table 11. These findings were about equally
distributed in groups, were mostly of minimum or
slight grade, are common findings in rats of this
age, and were not considered related to dosing.

2) Neoélastic: Table 12 summarizes neoplastic find-
ings in the 18-month study. There was no indica-

tion of neoplasia related to dosing. The most
frequent finding was fibromatous polyps of the
uterus. There was a good correlation between

gross masses and histologic findings. One uterine
mass seen grossly in controls was not found to be
a tumor, and for one control female (No. 21) there
was no histologic entry for a uterine mass. Only
2 of 19 masses in females had no histologic entry
and only 1 of 3 in males (100-ppm male No. 6, a
mass in the axillary lymph node).
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TAB.Z *°. Representative Mennecplastic Histologic Firdings

Fed 1mazalil for 18 Months®

in Control and High-Douse Rats

Dietary Level (ppm)

Organ/Findi-g Males Females
0 400 0 400
Lungs and (10) (10) A
Peribronct a. lymphoid 9 9 5 4
aggregatiz
Mineralizeziam, arterial wall 3 4 0 0 -
Pneumoni tis ‘ 2 1 -0 1
Bronchiolizis 0 1 4 1
Trachea 1) €10) (10) ()
Tracheitis é 9 5 6
Nasal Cavitx 10) €10) (10) (10)
Rhinitis 3 6 7 2
Mononuclea~ cell infiltrate 10 10 3 5
Lacrymal glaes, exorbital «“n €10) (10) (1)
Proplasia 6 9 1 0
Mononuclea~ cell infiltrate 2 6 2 1
Adrenal (1N €10) €10) (1
Cortical aegemeration 0 0 1 3
Pituitary (1) €10) (10) (10)
Focus of cziiular alteration 3 5 1 1
Thyroid (11) ¢10) (10) (§2]
Parafollic.tar cell proliferation 2 3 1 0
Pancreas (1) (10) (10) (10)
'Y
Fatty atroghy 1 * 1 4 3

2879

(continued)
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TABLE 11. (continued)

Dietary Level (ppm) ‘
Organ/Finding Males Females
0 400 0 400

Spleen ’ (1) (10) (10) (10)
Brown pigment accumulation 7 [ 10 10
Extramedul lary hematopoiesis 1 2 3 % ~
Stomach (1) (10) (10 «an
Glandular dilatation, fundus 7 10 3 5
Testis . (N (10) -- .-
Interstitial edema 1 10 - . .-
Interstitial cell proliferation 1 . 3 .- --
Tubular atrophy 0 2 -- --
Mammary glands -- -- €10) Q12)
Duct ectasia -- ) -- 5 1
Ovaries -- -- (10) (1)
Cyst(s) _ -- - o 4
Urinary bladder (11 (10) . (10) Qb )
Proteinaceous material 4 5 0 0

%oes not include liver and kidneys.

Prhe numbers in parentheses represent me number of animals with specific tissue examined.
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Gross Patrology (30-Month Study): Table 13 summarizes
the incidence of animals with masses suspected of being
tumors and rats with organ enlargement. No dose-
related <trends were apparent. Other randomly
distributed, frequently occurring gross findings
included spotted or discolored surface of the pancreas,
stomach, adrenal, kidneys, liver, and lungs; atrophy of
the testes; increased secretory activity of the mammary
glands; hydrothorax; pronounced lobular pattern in the
liver, granular surface of the kidneys and spleen, and
thrombi of the heart (Table 14). For all these changes
there was no indication of a treatment-related effect.

Histopathology (30-Month Study):

‘1) Nonneoplastic: Table 15 summarizes the incidence

of hyperplastic and preneoplastic lesions. The
mid- and low-dose groups were routinely examined
for only a limitéd set of organs (liver, kidneys,
lungs, spleen, brain, testes, adrenal, thyroid,
and pituitary); for controls and high~-dose groups,
a corplete complement of tissues was examined for
hyperplastic and preneoplastic 1lesions. No
significant (p <0.05) increases were seen, and
there was a fairly large fluctuation im incidence
between groups. In males receiving 400 ppm, the
incidence of skin warts, hypertrophic and
hyperplastic cell foci in the pituitary, and
parafollicular cell proliferation in the thyroids
were observed. These changes were not considered
(by the authors) to be related to dosing. Other
nonprecancerous-nonneoplastic lesions were
recordad for the 1liver, kidney, an& lungs of
surviving rats (all groups); Table 16 summarizes
the findings. No significant changes or dose-
related changes were observed. Nephrosis was seen
in practically all survivors, and the severity was
greater in males than females. Mononuclear cell
infiltration was fairly frequent in the kidneys
and liver of all groups of survivors; peri-
bronchial and perivascular lymphoid aggregates,
focal accumulation of alveolar macrophages, and
interstitial pneumcnitis in the lung occurred in
all groups. None of the changes were considered
to be related to dosing. '
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2) Neoplastic: Table 17 summarizes the neoplastic
lesions in the 30-month study. There were no
dose-related increases in neoplasms at any site
with the possible exception of Leydig cell tumors
of the testis. The tumor types observed were
reported to be common findings in this strain of
rat, and were considered related to aging.

STUDY AUTHORS' CONCILUSIONS: - -
The ccntinuous feeding of Imazalil to Wistar-derived rats at
levels of 25, 100, or 400 ppm for 18 or 30 months did not cause
any distinct deleterious effects. Mortality was low in all
groups and was 28 and 22% for control males and females
respectively after 24 months. A minimal toxic dose of 400 ppm-
was indicated by slightly lower body weights in males in the
30-month study without an effect on food consumption. 1In the
18-month study, there was a slight decrease in mean body weight
in high-dose females. Increases in relative weights of
adrenals, kidneys, liver, and heart of high-dose females in the
18-month study were not considered of toxicologic importance.
A slicht tendency (not significant) for increased relative
liver weights of high-dose rats of both sexes (30 months) and -
of the relative kidney weight in high-dose females at 30 months
were rot considered of toxicologic importance because there
were no correlating histologic changes in liver and kidneys.
Histopathologic liver changes in males receiving 400 ppm in the
18-month study and vacuolation of hepatocytes of surviving
high-dose males at 30 months were considered an adaptive
response to the test compound. No treatment-related effect on
total tumor incidence or the incidence of the various tumor
types was seen. It was concluded that 1Imazalil was not
carcinsgenic and the no-toxic-effect level was 100 ppm fed in
the diet for 18 or 30 months.

REVIEWZRS' DISCUSSION AND INTERPRETATION OF RESULTS:

It is our assessment that the two reports present sufficient
data to adequately evaluate the carcinogenic potential and
chronic toxicity of Imazalil at the doses tested. The study
design, however, does not completely conform to Guideline 83-1
(Chronic Toxicity), 83-2 (Oncogenicity Study), or 83-5
(Combined Chronic Toxicity/Oncogenicity Study).

The 18-month study is nearly adequate for assessing chronic
toxicity, except that the duration is insufficient for rats
according to guideline requirements and clinical laboratory
examinations were only at termination. Liver and kidneys were
examined in.all rats (20/sex) in all groups, but lungs were
examined histologically only for 10/sex in the control and
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high-dose groups. Neoplastic lzsions and all types of
nonneoplastic lesions were examines. Pathology was complete
for the 7 rats that died (all grours; and for 10 survivors/sex
in the control and high-dose groups. A complete complement of
tissues for 20/sex in high-dose ard controls is suggested by
guidelines.

The 30-month study is deficient for zn oncogenicity study since
all tissues were not examined histclogically for low- and mid-
dose rats that died or were sacrificed moribund. We do not
consider this a serious deficiency, since all possible target
organs in these groups were exazined for hyperplasia and
preneoplastic and neoplastic lesicms, and all gross lesions
suggestive of neoplasia were also ewamined.

A tissue inventory was not availatle. The reviewers used the
individual pathology sheets for rats in the control- and high-
dose groups in the 30-month study to evaluate tissue
accountability, and concluded that i< was acceptable. Table 18
presents our list of organs in which insufficient tissue was
available for evaluation or tissues were missing or autolyzed
and not examined histologically. ¥%ith a few minor exceptions,
it supports the number of tissues r=corded in Table 17 of the
repcrt (Summary < of Hyper- and >Pre-neoplastic Histologic
Findings).

Liver, lungs, and heart were exa=ined in all animals. All
kidneys except one (high-dose mal= No. 70) were examined.
Tissue loss was low for all sites except thymus, parathyroid,
eyes and lacrimal gland, and urira=y bladder. Autolysis of
several tissues (13 to 17) was found in 3 control males
(Kos. 16, 88 and 90) and 1 high-dcs= male (No. 70, 12 tissues
ircluding kidney). Two high-dose females (Nos. 63 and 67) had
several tissues autolyzed (14 in eack). Some tissues that were
ncted as autolyzed were examinec histologically (high-dose
males Nos. 16 and 18 and high-dose f=nales Nos. 31, 77, and 85;
4 to 8 tissues/animal). We assess tmat the numbers of tissues
missing and autolyzed did not have a0 impact on interpretation
of the histopathology data.

We conclude that the rats could kave tolerated a somewhat
higher dose, since there were no e=fects on survival and no
indication of any important toxic =ffects. The body weight
data do not convincingly support =2 maximum tolerated dose
(KTD) . Although there was a signific-ant decrease (p <0.01) in
mean body weight in males receiwirg 400 ppm at week 12 of the
30-month study, the decrease was =Znimal (a 5.8% lower mean -
weight than control and a 7.2% lover weight gain from weeks 1
to 2). The decrease may have teen an artifact caused by
failure of the automatic watering systen. A corresponding
effect was not seen at 12 weeks in the 78-week study. 1In the
30-month study, mean body weights w=re comparable in control
and high-dose males from weeks 52 ts 130, and cumulative weight
gains were identical at 78 weeks in both groups (see Table 5).
No effects were seen for body weigtts in dosed females, except
that the mean weights in high-dose fenales were slightly 1lower
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TABLE 18. List cf Tissues Not Examined Microsccpically in
30~Month Rat Study With Imazalil®

Dietary ILevel (ppm)

Males ) Ferzales

Tissue : 0 400 0 400

Liver

Kidneys

Lungs

Heart

Aorta

Spleen

Brain

Adrenal
Thyroid
Pituitary
’Testes/ovaries
Esophagus
Stomach

Small intestine
Cecum

Colon
Salivary gland
Lacrimal gland
Eyes

Pancreas
Spinal cord
%1adder
Parathyroid

O O P N O & & B K P O W 0O W W O P O © O 0O O O.
AN H O N W o. O & b kNN W WP O R P P O O P O
N & P O O O P O P O O O O\ N P O M O O O O 0.0
0 N O W W W W W oNeAENDMDDNPR O PKF O OVO o,

Thymus

[
=
=
(%)
=
-9
=
®

’Prepared by our reviewers from individual animal pathology sheets.
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than controls (5 to 7%) from weeks 104 to 130. In the 18-month
study, body weights and gains were comparable in controls and
high-dose males throuchout the study, but mean weights of high-
dose females were decreased 18% and 13.6% when compared to
controls at weeks 52 and 78.

A previous 12-month rat study at levels of up to 800 ppm was
referenced by the study authors (Thienpont, 1981), but was not
available for review. No data on body weights were provided,
but it was reported that microscopic 1liver changes of a
probable adaptive nature occurred in males at 800 ppm. There
was no indication that 800 ppm was excessive. It would be
helpful if the study authors gave additional informaticn on the
rationale for dose selection or clarified the effects of higher
doses on body weight gain, liver weights, and liver histo-
pathology in the 12-month study. ‘

The only neoplasm that appeared to be increased in the 30-month
study in dosed animals was Leydig cell tumors of the testes, 6,
8, and 8.5% at 25, 100, and 400 ppm, respectively, compared to
2% for controls. Laboratory historical control data would be
useful for comparison purposes. Data from RCC for Wistar KFM-
HAN rats indicates a control incidence of 6/234 (2.6%) and
7/149 (4.8%) in two studies of rats <110 weeks old and .12/199
(6.0%) for rats <138 weeks old. ,

Based on minimal changes in liver weights and miniral body

weights changes in the present studies, the LOEL can be
tentatively set at 400 ppm and the NOEL at 100 ppm.
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{WERT INGREDIENT INFORMATION TS NOT INCLUDED

EXECUTIVE SUMMARY:

In a 30 month carcinogenicity study, Imazalil technical was

‘administer as a % mi e with 50% of equal parts of—
in the diet to Cpb: Wu Wistar rats,
sex/dose a evels o , 25, 100, or 400 ppm . Approximate doses

were 1.0, 3.6, and 15 mg/kg/day for males and 1.2, 4.7, and 19.7

mg/kg/day for females.

Minor losses in body weight gains in females (-3.4%) were seen at
400 ppm after 52 weeks .in the 30 month study while a -16% body
weight gain loss was noted in the ‘18 month study.. Slight increases
in liver weights ie. + 2.9% after 18 months and +10.7% in the 30
month study were also noted in males at that dose. Focal
hepatocellular vacuolation was increased in males at 400 ppm that
lived to 30 months. No other +effects consider to be related to
dosing were reported. The rats were thought to have been able to
tolerate a higher dose. The review DER notes that a minimal LEL
could be established at 400 ppm with a NOEL established at 100 ppm
(4.7 mg/kg/day in females) based on the liver effects and slight
body.weight gain reductions (3.6 mg/kg/day in males)

There is a question of whether the rat study was tested at a high
enough dose to evaluate Imazalil carcinogenicity potential.
The Toxicology Branch considers this study to not fulfill the

requirements of GL -83-la by not being tested at high enough
dosages.

Carcinogenic potential is questionable in the study with the
unusual epidermoid carcinoma of the uterus in the female rats.
(Referred to Peer Review Committee).

This study is currently classified as core Supplementary pending
the cancer Peer Review Committee evaluation and currently does not
satisfy the Guideline requirement for a carcinogenicity study (83-

ga) .




1. EXECUTIVE SUMMARY

In a chronic feeding study, Imazalil technical (97% ai) was
administer by capsule to 4/sex/dose of beagle dogs aged 7 to 8
months for a period of 12 months. Dosages were 0, 1.25, 2.5, or 20

mg/kg/day.

At 20 mg/kg/day mean body weights were slightly depressed (approx.
12.4%in males and 9.4%)in females at 52 weeks. Increased vomiting
and food wastage were recorded. Males were more affected than
females.

Serum alkaline phosphatase was markedly increased at 20 mg/kg/day
after 29 weeks in females with 74 U/L vs 144 U/L and 92 U/L in-
controls vs 211 U/L at 20 mg/kg/day in males at 52 weeks., relative
liver weights at 2.5 mg/kg/day in males were increased but without
histopathological correlates. The LEL is 20 mg/kg/day based on
vomity and lakaline phosphastase increases with increased liver
weights. The NOEL is established at 2.5 mg/kg/day.

This study is minimum for chronic toxicity and satisfies the
guideline requirements for a 83-1b chronic study in the dog.
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DATA EVALUATION RECORD

GUIDELINE §_83-1
STUDY TYPE: Chronic toxicity feeding study in dogs.
MRID NUMBER: 413288-02.

PC Gde : 1lq0) Yor .Chewdi1947 AD

TEST MATERIAIL: Imazalil base (R23979).

SYNONYM: 1-[2-(2,4-dichlorophenyl)-2-(2-propenyloxy)ethyl]-1H~-
imidazole.

STUDY NUMBER: 1899.
SPONSOR: Janssen Pharmaceutica N.V., 2340 Beerse, Belgium.

TESTING FACILITY: Department of Toxicology, Janssen Research
Foundation, 2340 Beerse, Belgium. '

TITLE OF REPORT: Imazalil base: R23979, Experiment No. 1899
(November 6, 1989) Chronic Toxicity Study in Beagle Dogs: Repeated
Dosage for 12 Months. :

AUTHORS : Verstraeten, A.; Teuns, G.; Van Cauteren, H.:;
Vandenberghe, J.; Marsboom, R. -

REPORT _ISSUED: November 6, 1989.
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CONCIUSIONS:_ Beagle dogs were administered Imazalll by capsule for
1 year at daily doses of 0, 1.25, 2.5 or 20 mg/kg/day. Mean body
weights were slightly depressed at 20 mg/kg/day and weight gains
were depressed compared to controls primarily in the first 12 weeks
of the study. Increased vomiting and food wastage were observed in
dogs receiving 20 mg/kg/day; the incidence was more frequent in the
males than in the females. Salivation also occurred in the high-
dose males. These signs were most frequent in the last three
months of the study. Serum alkaline phosphatase was markedly
increased at 20 mg/kg/day and relative liver weights were increased-
but there were no correlating histologic changes. No compound
related adverse effects were observed at 1.25 or 2.5 mg/kg/day
The LOEL in this study is 20 mg/kg/day and the NOEL is 2.5
mg/kg/day.

CORE Classification: The study is CORE mnminimum for chronic
toxicity (Guideline 83-1). The classification may be upgraded on
provision of data validating dosing.

A. MATERIALS:

1. Test Compound: Imazalil base (R23979): description:
slightly yellow to brown crystalline mass (solidified oil);
batch No.: ZR023979BEB211; purity: 98.8%; 97.2% by gas
chromatography.

2. Test Animals: Species: dog; strain: beagle (non

inbred) ; age: between 7 and 8 months at initiation; weight:
males--7.6 to 14.6 kg, females--6.1 to 11.4 kg; mean group
weights 10.3 to 10.6 g (males and females combined):;
source: Janssen Research Foundation laboratory colony.

B. STUDY DESIGNS:

1. Animal Assignment: Dogs had been vaccinated against
parvovirus (5, 7, and 9 weeks of age) and distemper and
canine hepatitis virus (12 weeks of age). They were
acclimated to laboratory conditions for at least 2 weeks,

d given complete pretest examlnatlons, and assigned on the
basis of initial weight to give approximately equal mean
weights in the following groups:

- (Jol
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Test Dosage

Group (mg/kg/day)’ Males Females

1 Control o . 4 4

2 Low (LDT) 1.25 4 4

3 Mid (MDT) 2.5 4 4

4 High (HDT) 20.0 4 4 -

By capsule.

Dogs were individually caged in barriered testing rooms with
positive pressure and approximately 13 air changes/hour.
Temperature and humidity were constantly monitored. ’

Rationale for Dosage Selection: Available data on pharma-
cology, kinetics, and toxicology were used to set the dose
levels. In a previous l2-month dog study, doses of 1.25,
5, and 20 mg/kg/day were given by capsule. No effects were
observed at 1.25 mg/kg/day; at 5 mg/kg/day, a slight
decrease in appetite and lowered body weight gain were
observed. At 20 mg/kg/day, a decreased appetite, increased

incidence of salivation and vomiting, and decreased body

weight gain were observed. Decreased serum calcium and
increased alkaline phosphatase and slight histologic liver
changes were observed at the high dose.

Capsule Preparation: The test material was synthesized at
the test facility and was given orally as a powder in
gelatin capsules. Dosages were prepared 1 week in advance,
based on the weekly recorded body weight except during two
vacation periods: 1. Dosage capsules for weeks 23, 24,
25, and 26 were prepared based upon the body weight of week
22. 2. Dosage capsules for week 48 were prepared based on
the body weight of week 46. Capsules were stored at room
temperature. .

Regults: Data on stability, homogeneity, and concentra-

'tions were not provided.

Food and Water Consumption: Animals received food
("Hendrix" pelleted dog food) and tapwater ad libitum.
Food consumption was not recorded because food wastage
problems prevented an accurate measure of this parameter.

Statistics: = The following procedures were utilized in

analyzing the numerical data: Data for males and females
were combined for statistical analysis. The Mann-Whitney

5 .



U test was utilized to assess the significance of any

intergroup differences for the following parameters: ECG

and heart rate, body weight, hematology, clinical chemis-

try, urinalysis, organ weight, and histopathology. The

Chi-square test was used to analyze data on mortality and
. gross pathology.

The reviewers also tabulated the following data separately
by sex: mean body weight, body weight gain, organ weight,
and selected parameters in hematology, clinical chemistry,
and histopathology. Body weight gain data were analyzed by
ANOVA and the significance of a trend tested using linear
regression. The significance of liver weight data was
evaluated utilizing Kruskal-Wallis nonparametric ANOVA.

5. Quality Assurance: A quality assurance statement was
~ signed and dated November 6, 1989.
é. Np ngidﬁ\&ﬁ olch SWV‘\@V& WoLA, A""’P/P’Q’Leﬁ{t
7. 8 Gup s&(dceme& wes daked Dec. B 12€9.
C. METHODS AND RESULTS:

1. Observations: Animals were inspected at least twice a day
for health, abnormal behavior, unusual appearance, clinical
effects, morbidity, and mortality.

Results: All dogs survived the 12-month study. The only
clinical observations that were considered possibly related
to dosing by the study authors were seen in the group
receiving 20 mg/kg/day; these were increased vomiting,
salivation, wasting of food, and soft feces. These
observations occurred primarily in high-dose males between
weeks 41.and 47. In this study interval, moderate vomiting
‘was observed 6 to 7 times in all 4 males receiving 20
mg/kg/day, and moderate food wastage was seen 10 times in
2 of these males. Slight to moderate salivation was seen
3 and 5 times in 2 males and on 1 occasion in the other 2
males of the high-dose group. Salivation was not seen in
high-dose females. Vomiting occurred once during week 45
or 46 in all high-dose females; however moderate vomiting
also was noted at week 47 in two control females. Since
dosing records were not available, it could not be deter-
mined if vomiting was due to misdosage. It was also noted
that vomiting occurred in two high-dose males at day 23 and
in the other two at day 29. Soft feces were not frequent
but were seen only at 20 mg/kg/day (two males at both weeks
5 and 52; two females at both weeks 43 and 53). One female
(No. 121 in the 2.5-mg/kg group) experienced sporadic
epileptic seizures (severe to moderate) on five occasions
(weeks 6, 14, 27, 29, and 38), but this was not considered
related to dosing since a slight seizure was also observed
prior to dosing (day 1).

\%®
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-

Body Weight: Body weights were recorded weekly.

Results: Data for group mean body weights and weight gain
were presented for males and females combined in the study
report. Mean weights were slightly depressed in the group

-receiving 20.0 mg/kg/day, but none of the decreases were

significant. Cumulative mean body weight gain was signifi-
cantly (p <0.05) lower than in controls at 42 of 52 weekly
study intervals in the high-dose group. Tables 1 and 2_
present data for mean body weights and weight gains for
males and females separately at représentative study
intervals. Weight gains were decreased in both high-dose
males and females in the first half of the study and in the
last 3 months of the study. In the period between days 283
and 325, when vomiting was frequently seen there was a mean.
weight loss of 75 g in high-dose males compared to a gain
of 875 g for controls and 325 g for low- and mid-dose
males.

Food Consumption and Compound Intake: Consumption was not
recorded. An accurate reading was not possible because of
food wastage.

Results: No data were provided; it was estimated that food .
consumption was approximately 250 g/day. Compound intake
could not be verified.

Ophthalmological Examinations: Ophthalmic examinations
were performed on all dogs prior to study initiation, at
least once during the study, and at the end of the study.

Results: There were no abnormal findings for any of the
dogs in the study.

Electrocardiograms and Heart Rate: Analyses were conducted
on all dogs at weeks -2, 6, 14, 29, 38, and 52.

Results: It was reported that no relevant adverse effects
were observed. All values were within the normal range
(ptovided), and sporadically significant changes in some
values were seen but they were inconsistent over intervals
of analysis and were not dose related.

Hematology and Clinical Chemistry: Blood was collected
from the jugular vein of all animals, twice prior to:study
initiation, after 2 weeks of dosing, and monthly thereafter
for hematology and clinical chemistry analysis. However,
no hematology and clinical chemistry was performed in weeks
21 through 28. The CHECKED (X) parameters were examined:



TABLE T.

Mean Body Weights at Selected Intervals for Dogs Fed Imazalil for 1 Year?

Mean Body Weight (kg #+ S.D.) at Study Week:

Dietary
Level :
(ppm) Pretest 12 26 36 52
_ Males :
0 11.2 £ 2.40. ;2.3 + 2.73 13.2 ¢ 2.49 12.8 + 2.89 13.7 £ 3.0C
1.25 11.1 £ 1.9 12.9 £ 1.73 13.2 £ 1.87 13.0 £+ 1.7 14.0 £ 2.11
2.5 11.1 + 2.88 12.9 = 3.88 13.4 + 4.38 13.4 ¢ 4.26 14.3 £ 5.37
20.0 10.7 ¢ 1.71 11.8 + 2.28 11.9 ¢+ 2.30 11.8 £ 2.21 12.0 + 2.57
Females
0 10.0 + 1.13 11.5 £ 1.70 11.9 £ 1.85 11.8 + 1.89 12.7 £ 1.99
1.25 9.8 + 1.14 1.1 £ 1.26 ‘ 11.4 + 1.02 11.6 £ 0.95 13.1 £ 1.42
2.5 9.5 & 2.37 10.3 + 2.82 10.6 + 2.80 10.5 + 2.84 11.5 + 3.40
20.0 10.1 £ 0.68 10.7 ¢+ 0.79 10.7 £ 1.16 10.8 £ 1.55 11.5 £ 1.73

acalculated and statistically analyzed by reviewers.



TABLE 2. ~ Mean Body Weight Gains (kg t S.D.) at Selected Intervals for Dogs
Fed Imazalil for 1 Year®

Dietary Mean Body Weight Gain (kg/day & S.D.}
Level
(mg/ka) - 0-12 12-26 26-36 36-52
Males
0 1.4 + 0.70 0.6 ¢ 0.43 -0.4 + 0.57 0.9 ¢ 0.577
1.25 1.8 + 0.41 0.3 + 0.32 -0.2 ¢ 0.37 1.0 + 0.48
2.5 1.7 ¢ 1.03 0.6 t 0.61 -0.03 ¢ 0.45 0.8 + 1.12
20.0 1.0 + 0.65 0.2 £ 0.26 -0.1 ¢ 0.35 0.3 + 0.41
Females
0 1.5 + 0.607 0.3 ¢+ 0.29 -0.1 ¢ 0.36 1.0 & 0.51
1.25 1.3 ¢ 0.55 0.3+ 1.00 0.2 + 0.26 1.6 ¢ 0.52
2.5 0.9 + 0.53 0.3+ 0.37 - -0.1 t 0.61 1.1 + 1.06
20.0 0.6 & 0.12* 0.1 £ 0.57 0.1 ¢ 0.45 0.7 + 0.40

Acalculated and statistically analyzed by the reviewers.
*Significantly different from control value (p <0.05) by pairwise comparison.

Tsignificant trend by linear regression (p <0.05).
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a. Hematology:

Hematocrit (HCT)+t X Leukocyte differential count
Hemoglobin (HGB)+t X Mean corpuscular HGB (MCH)
Leukocyte count (WBC)t X Mean corpuscular HGB concen-
Erythrocyte count (RBC)+t tration (MCHC)

Platelet countt X Mean corpuscular volume (MCV)
Reticulocyte count (RETIC) X Coagulation:thromboplastin °
Red cell morphology time (PT)

Results: Total white cell counts tended to be increased in
dosed groups as compared to controls in a dose-related
manner. However, for males and females combined, practi-
cally all mean values were within one standard deviagion of
the historical mean value of 13.4 * 2.9 thousand/mm’. The.
authors reported significant increases at 1.25 mg/kg/day in-
weeks 32 and 48, at 2.5 mg/kg/day in weeks 4, 12, 16, 32,

36, 48, and 52, and at 20 mg/kg/day in weeks 8, 12, 16, 20,

and 48 (sexes combined). Table 3 shows mean values * S.D.

for the sexes separated.’ The effects were considered of
minor importance. Differential white counts showed a trend
toward a slightly increased percentage of segmented neutro-
phils and a corresponding slight decrease in lymphocytes of
females receiving 20 mg/kg/day. Mean values, however,

were within the normal laboratory range, 57.2 * 7.9% and

31.2 + 7.9% for segmented neutrophils and lymphocytes,
respectively. Other hematologic changes in dosed groups
that differed from controls were infrequent and considered
to be incidental.

b. Clinical Chemistry:

Electrolvtes Other
Calciumt X Albumint
Chloridet Albumin/globulin ratio
Magnesiumt X Blood creatininet
Phosphorust X Blood urea nitrogent
Potassiumt X Cholesterolt
Sodiumt Globulins
R X Glucoset '
Enzymes X Total bilirubint
Alkaline phosphatase (ALP) Direct bilirubin
Cholinesterase X Total proteint
Creatine phosphokinaset . X Triglycerides
Lactic acid dehydrogenase (LDH) X Haptoglobin
Serum alanine aminotransferase X Phospholipids
(SGPT) +
Serum aspartate aminotransferase
(SGOT) +

Gamma glutamyltransferase (GGT)

tRecommended by Subdivision F (November 1984) Guidelines.
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Results: 'The authors reported that slight decreases in
calcium and marked increases in alkaline phosphatase may
have been related to dosing but that other changes in
clinical chemistry parameters were not dose related, were
often transient or not consistent over time, or were due to
sporadically high or low values in one animal. Most values -
"were also within the normal range, and the changes were not
considered of toxicologic importance. Data were not
separated by sex for analysis by the study authors. The
values for serum calcium were significantly decreased in-
the 20-mg/kg/day group at weeks 2, 4, and 12 (p <0.05) and
at week 16 (p <0.001). All values were within the normal
range. Alkaline phosphatase (AP) activity was significant-
ly (p <0.05) increased in the 20-mg/kg group (sexes
combined) at weeks 4, 12, 20, 29, 32, 36, and 44. Alkaline
phosphatase data separated by sex are summarized in Table-
4. Pretest values for individual dogs had a fairly large
range, 102 to 164 U/L and 107 to 220 U/L in control males
and females, respectively, and 113 to 184 U/L and 137 to
168 U/L in high-dose males and females, respectively.
However, the pretest mean values (* S.D.) for the two
groups, 131 t* 38 U/L, compares to 125 * 50 U/L for labora-
tory historical controls (n=1615). The control values
tended to decrease compared to pretest values as the dogs
aged (normal finding). The mean values in both sexes -
receiving 20 mg/kg/day were increased compared to controls
throughout the study, but no effects were seen at the lower
doses. Examination of the individual animal data indicated
a response in two of four high-dose males and three of four
high-dose females. Examination of data for all other
clinical chemistry parameters did not indicate any effects
of dosing or any apparent trends. Infrequent significant
decreases occurred for sodium, potassium, total protein,
cholesterol, urea nitrogen, blood creatinine, and_ total
bilirubin. Infrequent significant increases occurred for
chloride, haptoglobin, glucose, triglycerides, SGOT, GGT,
and LDH.

7. Urinalysis: Urine was collected from fasted animals before
study initiation, after 1 month of dosing, and thereafter
at 3-month intervals. The CHECKED (X) parameters were

examined:
’
X Appearancet . X Glucoset
Volumet i Ketones

X Specific gravityt X Bilirubint

X pH X Bloodt

X Sediment (microscopic)t Nitrate

X Proteint X Urobilinogen
X . Acetone bodies
X Creatinine

tRecommended by Subdivision F (November 1984) Guidelines.
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Results£ " No

effects

of toxicologic
observed for any urinary parameters.

importance were

Decreased values for

creatinine and specific gravity were observed in high-dose
animals at week 37; however, the values were within the

normal range.

"Sacrifice and Pathology:

All animals that died and that

were sacrificed on schedule were subject to gross patholog-
ical examination, and the CHECKED (X) tissues were collect-
ed for histological examination.
organs were weighed:

Digestive System
Tongue

Salivary glandst
Esophagust
Stomacht
Duodenumt
Jejunumt
Ileumt
Cecumt
Colont
Rectum
Livert
Gallbladdert
Pancreast

Respiratory
Tracheat

Lungt

X
X
X
X
XX
XX

XX

XX

XX

XX

cardiovasc./Hemat.

Aortat
Heartt
Bone marrowt
Lymph nodest
Spleen
Thymus

Urogenital
Kidneyst

Urinary bladdert
Testest
Epididymides
Prostate
Seminal vesicle
Ovaries

Uterus

vagina

14
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In addition, the- (XX) -

Neurologic
Brain
Peripheral nerve
(sciaticnerve)t-
Spinal cord
. (3 levels)
Pituitaryt
Eyes
(optic nerve)t

Glandular
Adrenalst
Lacrimal gland
Mammary glandt
Thyroidst
Parathyroidst
Harderian glands

Other

Bone (sternum and
femur)+t

Skeletal musclet

Skin

All tissues
showihg
abnormality

tRecommended by Subdivision F (November 1984) Guidelines.



Resultsi

A

Organ Weights: Imazalil had no adverse effect on the
weight (absolute or relative) of lungs, spleen, heart,
pancreas, kidneys, brain, thymus, adrenals, thyroids,
testes/ovaries, pituitary, or prostate. The absolute
and relative liver weights were increased in a dose-
related manner for both sexes combined, and the
relative 1liver weight was significantly (p <0.01)
greater at 20 mg/kg/day (269 g/10 kg) than in controls.
(211 g/10 kg). Table 5 presents data for liver weights
separated by seX. The relative 1liver weight was
significantly increased (p <0.05) in males receiving
2.5 and 20 mg/kg/day when compared to controls but
increased in dosed females.

Gross_ Patholoqgy: There were no changes related to
dosing. Increased incidences in high-dose females of
swollen ovaries, uterus, and vagina were considered by
the study authors to be related to the estrus cycle.
Urinary bladder nodules were observed in three of four
high-dose male dogs. Chronic inflammation was present
for each dog upon histological evaluation. The study
authors reported that this finding was due to catheter-
ization during urine sampling.

Microscopic Patholbgy; Table 6 presents selected
nonneoplastic lesions. Chronic inflammation of the

prostate, prostatic urethra, and urinary bladder were
observed with increased incidence in high-dose groups.
The study author concluded that the finding was due to
frequent catheterization of the animals. Congestion of
the splenic red pulp in male dogs and dilated lumen of
the uterus in female dogs were observed in all dose
groups but not in the control groups. Slight mineral-
ization (grade 1) of the kidney was seen in all
animals. Hyallne casts in the kidney and chronic
inflammation in the epididymis were present for one
male dog in each dose group. In addition, the follow-
ing incidental findings were observed: reticuloendo-
thelial cell aggregates in the liver were seen in 4/4
low-dose male dogs; cystic pituitary was recorded for
3/4 high-dose male and mid-dose female dogs, and 4/4
low-dose female dogs. +Most of the histologic findings
were graded slight (grade 1), and none were graded
severe (grade 4). No neoplastic findings were ob-
served. :
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TABLE 5. Mean Liver Weights (g * S.D.) and Liver-to-Body Weight
Ratios (g/10 kg) for Dogs Fed Imazalil for 1 Year®

Dietary ‘ Liver~to-Body Weight
Level (mg/kqg) Liver Weight Ratio
Males
0 269.8 + 37.99 200.5 + 23.53"
1.25 316.0 + 65.13 224.3  22.14
2.5 347.5 * 105.17 248.3 * 18.37%
20.0 313.5 + 64.07 261.5 * 19.49%
Females
0 276.3 + 32.07 221.0 + 41.93"
1.25 267.0 * 75.06 201.8 + 38.06
2.5 251.5 * 75.84 219.3 + 23.98
20.0 312.0 + .7.07 227.0 * 40.99

ipata. calculated and analyzed by the reviewers.
*Significantly different from control value (p <0.05);
Kruskal-Wallis nonparametric ANOVA, analyses by reviewers.
TSignificant trend, p = 0.05.

o = 0.01.
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TABLE 6.

Incidence of Selected Nonneoplastic Lesions in Dogs Fed Imazalil for 1 Year?

Males Females
organ/Finding 0 1.25 2.5 20.0 0 "1.25 . 2.5 20.0 -
Epididymis (4) (4) (&) (4)

Chronic inflammation 0 1 1 1 B
Periarteritis 0 1 0 1
Kidney (4) (4) (4) (4) (%) (4) (&) (4)
Hyaline casts 0 1 1 1 0 0 0 0
Mineralization 4 4 4 4 4 4 4 4
Liver (4) (4) (%) (&) (4) (4) (4) (4)
RES aggregatesb
2 1 1 0 2 4 3 1
pigmented sinusoidal
cells 0 1 0 2 1 3 1 1
Round cell in
interstitium 0 0 0 1 0 0 0 0
Pituitary Gland (&) (4) (4) (4) (4) &) (4) %)
Cystic (trace) 0 1 1 3 2 4 3 2
Prostate (4) (4) 4 (%)
Chronic inflammation 2 3 1 3
Spleen (4) (4) (4) (&) (4) (&) (4) (4)
Congestion (trace) 0 3 2 2 2 0 2 1
Urinary Bladder %) (4) (4) (4) (4) (4) (4) (4)
Chronic inflammation 2 2 0 3 0 2 2 2
Uterus (&) (&) (&) (&)
Dilated Lumen (trace) 0 2 3 2

2gased on four dogs/sex/group.

breticuloendothelial cell.
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STUDY AUTHORS('CONCLUSIONS:

Imazalil base (R23979), when given orally to dogs, was well
tolerated without mortality up to 20 mg/kg/day. At 1.25 and
2.5 mg/kg/day, no compound-related adverse effects were noted.
Toxicity in dogs receiving 20 mg/kg/day was characterized by a
slightly lowered body weight gain accompanied by decreased
appetite, occasional vomiting and softened feces, and some
salivation. Serum calcium was slightly increased, and serum
alkaline phosphatase was markedly increased at 20 mg/kg7day.
Liver weight was increased at the highest dose, but no corre-
lating histologic findings were observed in the liver. The
NOEL was 2.5 mg/kg/day and based on a slight decreased appetite
and weight gain in a previous study, the lowest effect level in
dogs was considered to be 5.0 mg/kg/day.

REVIEWERS' DISCUSSION AND INTERPRETATION OF RESULTS:

The conduct and reporting of the study were acceptable with the
exception that mean data were provided for males and females
combined. Separation of the data by sex and statistical
reanalysis of selected parameters, however, did not substan-
tially affect data interpretation.

Since there were no analytical data on the capsules used for
dosing and no records were provided validating the dosing, it
cannot be determined if the vomiting in the high-dose groups
and salivation in high-dose males were related to
pharmacokinetic parameters or were the result of an overdosing.
Vomiting that occurred in two control females at week 47 may
have been related to a dosing error, but this cannot be deter-
mined. In addition, dosage capsules were prepared for weeks 23
to 27 based on week 22 body weights and stored for up to 4
weeks, and no analytical or stability data were provided.

Weight gain data show a definite decrease in both males and
females receiving the highest dose when compared to controls;
the effect is most marked in the first 12 weeks of the study,
when vomiting was infrequent but was also apparent in the last
16 weeks of the study. Food efficiency could not be calculat-
ed, since there was food wastage and consumption data were not
recorded. Hematology parameters were normal throughout the
study despite some changes in® mean values. The effects on
alkaline phosphatase may be related to dosing; however, there
were no degenerative histological changes that correlated with
the increases or any meanlngful changes in activity of other
serum enzymes. Similarly, the increases in liver weights and
liver-to-body weight ratio were not accompanied by any histo-
logic findings. There was a dose-related trend for relative
liver weight in both males and females. When data were
combined for males and females, the increase at 20.0 mg/kg/day
was significant (p <0.01); when separated by sex, the increase

I
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was significant for males at 2.5 and 20.0 mg/kg/day, but not in
females at either dose. The apparent increase in the absolute
liver weight in males receiving 2.5 mg/kg/day was caused by an
abnormally high value (477 g) for one male that weighed 21.4
kg. We assess that the LOEL for the study is 20 mg/kg/day
Imazalil, and the NOEL is 2.5 mg/kg/day.
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COMMENTS:

Janssen Pharmaceutical  submitted supplemental historical
control tumor .- incidence for the Wistar rat in the cCivo
Institutes TNO, 3700 AJ Zeist, Netherlands Laboratories.

Approximately 15 studies were 1listed which bracketed the.

Imazalil study dates by 2 to 4 years.QMﬂiD Hi55%8 OC>

RESULTS:
Testicular Tumors:
The range of Leydig cell tumors was from 0/50 to 6/47 in any

of the control groups of the 15 studies reported. The Imazalil.

study contained 1/50 in controls and 3/50, 4/50, and 4/47 in
the low to high dosage groups respectively.

The incidences reported in the Imazalil study easily fall
within the historical inciderice and as such are not considered
to be chemically induced.

Uterine Tumors:

The incidence of adenocarcinomas of the uterus in the 15
studies reported as historical &ontrols ranged from 0/50 to
8/50 with Oonly 3/15 studies showing no tumors in the
controls. In the present study the incidence of
adenocarcinomas of the uterus was 1/50, 4/50, 5/50 and 3/50
for controls, low, mid and high dose levels tested and are
well within the range of the historical controls. Therefore,
it is concluded that this type of tumor is not considered to
be the result of exposure to the chemical.

Epidermoid carcinomas:

This type of uterine tumor is considered to be a rare tumor.
Historical data presented by the registrant indicates that in
15 studies bracketing the Imazalil study only 1 tumor in 50
control animals in only one study was reported. In the
Imazalil study the occurence of this type tumor was reported
as 0/50, 1/50, 0/50, and 1/50 in the controls, low, mid, and
high dosage groups respectively. The fact that more than one
tumor occurred in the study alone is sufficient to question
the significance but that a tumor occurred only in treatment
groups and included the highest dose lends further concern
when coupled with the opinion that the dose 1levels were
probably not tested at sufficiently high levels.
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£ '&Vlz & UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

., s WASHINGTON, D.C. 20460

)
1@ ROV Y

b oL /sz’/ JN 24 1987 005957

OFFICE OF
PESTICIDES AND TOXIC SUBSTANCES

MEMORANDUM

SUBJECT: Imazalil - EPA Registration No. 43813-2
Related Actions - PP#5F3250, 6G3308, 4F3096

TOX Chem No.: 497AB

FROM: Carlos A. Rodriguez UM’;‘OQ'Z;%(,I&'"'/X-I

Review Section VI, Toxicology Branch
Hazard Evaluation Division (TS-769C)

TO: Lois A. Rossi, PM 21
Fungicide-Herbicide Branch
Registration Division (TS-767C)

THRU: Judith W. Hauswirth, Ph.D., Section Head o .
Review Section VI, Toxicology Branch b LO, Moo cisiath
Hazard Evaluation Division (TS-769C) /23 /87
/{/ LeFS
APPLICANT: Janssen Pharmaceutica g’ /g7
Bear Tavern Road 4 (/74

- P.O. Box 344 -
Washington Crossingy NJ 08560

Requested Action

PR N PR e Ty A~ -~ [ Ry T S el ¥ S I N T~ e
e e L . D et h i - = . . - ® -

study with Imazalil Base—i2é959 iﬁgﬁéﬁé;

- T -

Janssen Pharmaceutica also requests that the 18-month
chronic feeding study in rats, 30-month feeding/oncogenic
study in rats, and mutagenicity and teratology studies in
rabbits with imazalil reviewed by B. Jaeger, Toxicology
Branch (TB) for JMPR to establish a permanent ADI for CODEX
be cited as an acceptable review of studies for TB.
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Conclusions

The 6-month oral f%eding study in rats is _acceptable and
classified "Core-Minimum." Systemic NOEL = 100 ppm. Systemic
LEL = 400 ppm (increase in relative kidney weights in both
male and female rats, increased absolute and relative liver
weights in female rats).

The study will be part of the files of EPA Registration -
No. 43813-2. : '

The 18-month rat feeding/oncogenic study was classified
Acceptable by wHOl for systemic toxicity and Supplementary
for oncogenicity. The 30-month rat oncogenic study is
classified as Acceptable by wHO.1

The rabbit teratology study demonstrated no embryotoxic
or teratogenic effects in rabbit fetuses at dose levels of
1.25, 2.5, and 5 mg/kg/day. The slightly reduced body weight
gain (5.13%) at the high-dose level (5 mg/kg/day) when compared
to the control group appears to be of no significant toxic
effect to the pregnant rabbits. The dose levels tested
should have been higher since a maximum tolerated dose (MTD)
may not have been reached. The study was accepted by wHO. 1

The mutagenicity studies - in vitro mutagenicity screening
by microsomal activation bacterial assays, micronucleus test in
rats, and sex-linked recessive lethal test in Drosophila melano-
gaster with imazalil were found to be unacceptable by WHO!
because the data submitted weré “insufficient to warrant the
final conclusion that imazalil is not a mutagenic agent.

The following additional battery of tests for mutagenicity
assessment of imazalil are required: Gene mutation and

> " A —m PO T 3 TEIP a

i) !
-~ SN R R T e 2. e s
Uitww iU MLTU ) Dy clios s Vo H
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TB defers to RCB regarding Janssen request to consider
citrus tolerances on separate food factors, i.e., citrus pulp
and citrus rind.

lReference March 5, 1984 letter from John W. Melone, Director,
Hazard Evaluation Division, EPA, to Bill Burnam, Chief,
Toxicology Branch, EPA, in which he sets forth the policy for
use of WHO monographs as final EPA reviews. This memorandum
is attached. :
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DATA REVIEW

Study Type: Subchronic Oral Feeding

Accession No.: Not available

Study Report No.: V83.186/220555

Sponsor: Janssen Pharmaceutica
Beerse, Belgium -

Testing Facility: Department of Toxicology
Janssen Pharmaceutica

Title of Report: 6-Month Oral Toxicity Study with Imazalil
Base-R23979 in Rats

Authors: Lina, B.A.,R.; Til, H.P.; van Nesselrooij, J.H.J.;
: Kuper, C.F.; Falke, H.E.

Report Date: September 1983

Test Material: Imazalil Base-R23979
Purity 98.1%

Introduction:

At the request of Janssen Pharmaceutica, Beerse, Belgium,
Imazalil Base-R23979 was examined in a 6-month oral toxicity
study in rats. The study was patt of a chronic oral
toxicity/carcinogenicity study with this test substance.

Materials and Methods:

The test material was Imazalil Base-R23979, an agricultural
£fungicide. Chemical name: 1-[2-(2,4.dichlorophenyl}-2-{2-

propenyloxy)ethyl}l-1H-imidazole.

Groups of 10 male and 10 female healthy SPF Wistar -
rats approximately 4 to 5 weeks old were fed diets containing
imazalil (base technical grade) of 0, 25, 100, and 400 ppm
for 6 months. The rats were housed under conventional condi-
tions, five per cage, and separated by sex and dose. The
animals were checked daily for clinical signs. Body weights
were recorded initially, then weekly for the first 12 weeks
and then every 2 weeks. Food consumption was recorded weekly.
The following hematological parameters .were evaluated on all
male rats on day 174 and on all female rats on day 175 of
the study: hemoglobin, packed cell volume, red blood cells,
thrombocytes, white blood cells, differential white blood cell
count, mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin concentrate (MCHC).



The following urinalysis parameters were measured on all
animals after fasting on day 177 of the study: volume, density,
pH, protein, glucose, occult blood, ketones, uribilinogen, bili-
rubin, and sediment for the presence of erythrocytés, leukocytes,
epithelial cells, amorph material, crystals, casts, sperm cells,
and worm cells,

. The following chemistry parameters were measured from blood
collected at autopsy on day 183 on all male rats and on day 184
on all female rats: -

Glucose Total bilirubin

Total protein Cholesterol
. Albumin Inorganic phosphatase
Haptoglobin Calcium (Ca)
Alkaline phosphatase (ALP) Chloride (Cl)
Glutamic oxalacetic- Potassium (K)
transaminase (GOT) Sodium (Na)

Glutamic~-pyruvic
transaminase (GPT)

Lactate dehydrogenase (LDH)

Urea

Creatinine

At sacrifice, gross pathological observations were made

and the following organs from all male and female rats were
weighed: adrenals, brain, heart, kidneys, liver, lungs (with

. mainstem bronchi), ovaries, pancreas, pituitary, spleen, testes,
thymus, and thyroid. Histopathological examinations on the fol-
lowing tissues were conducted on all male and female rats of the
top—-dose group and _all control rats: adrenals, aorta, axillary
lymph node, brain, cecum, cervical lymph node, coagulating glands,
colon, duodenum, epididymides, external auditory canal, extra-
orbital lacrimal glands, eyes, heart, ileum, jejunum, kidneys,
larynx, liver, lungs, oesophagus, ovaries, pancreas, poratid

3 a
wal Ve, z e w

v ot ands o nibnitary . nreputial elands . wrostallo o roacia.,
sciatic nerve, seminal vesicles, skeletal muscle, skin (flank),
spinal cord (two levels), spleen, sternum (with bone marrow),
stomach (cardia, fundus, and pylorus), sublingual salivary
glands, submaxillary salivary glands, tongue, testes, and thymus.
Microscopic examination of the kidneys was conducted in all
animals. Statistical analysis was performed on body weight,
food intake, red blood cell, volume and density of urine, clin-
ical chemistry, organ weights by analysis of (co-)variance
followed by multiple comparison test (Dunnett) or the LSD test
(for food intake and food efficiency). Total and differential
white blood cell counts by the Mann/Whitney U-test. The
histopathological changes by Fisher's exact probability test.



Reported Results:

1. Food Consumption - Food consumption in all dosed
groups was comparable with that of the control group
during the study. A :

2. Mortality - None of the animals died during the study.

3. No dose-related increase in toxic signs was observed
among 1individual groups.

4. Body Weights - The group mean body weights of the
males of the top-dose group (400 ppm) were slightly
but not statistically significantly lower than those

of the control group throughout the study. (Table 3
of the report.)

Body Weights of Rats Fed Imazalil for 6 Months

Dietary Level Group Mean Body Weight (g) at Week
(ppm) 0 13 26
Males
0 72.6 373.5 405.2
25 72.7 356.6 392.0
100 - 72.8 365.5 347.9.
400 72.7 347.9 382.3
Females T
0 64.3 214.4 218.9
25 : 64.1 213.8 220.6
100 64.1 214.8 224.5
400 64.2 218.1 221.9
5. Hematology - Hematological determinations of

hemoglobin and WBC at study termination (week 26)
are presented in the following table:

0 ppm 25 ppm 100 ppm 400 ppm

Hemoglobin
Males 9.4 9.2 9.4 9.4
Females 9.2 9,5% 9.4 9.2
WBC (10E9/L)
Males 12.2 14.0 14,2%*%* 14, 2%%
Females 9.2 10.7 11.2 10.7

*Significantly different from control at p < 0.0S5.
**Significantly different from control at p < 0.01.

(43
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7. Organ Weights - (Tables 12 and 13 of report)
No significant differences were noted among the test
groups with respect to testes, pancreas, pituitary,
thyroid, adrenals, brain, heart, spleen, and ovaries.
However, an increase in the relative weight.of the
kidney in male rats and in the absolute and relative
weights of the kidneys and liver in female rats were
observed in the top-dose group. An increase in
absolute weight of the thymus and the relative weight
of the lungs were observed in female rats of the top- ~
dose group and are summarized as follows:

Group Mean Absolute and Relative Organ Weights

(g/kg)
Dietary
Levels Kidneys Lungs Liver Thymus
(ppm) Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel.
Males .
0 2.34 5.77 1.50{3.71 9.85 24.3 0.220 |0.55
25 2,28 5.82 1.5814.04 9.61 24.4 0.240 |0.61
100 2.26 5.77 1.51}3.90 9.85 25.0 0.189 |0.49
400 2.48 6.47** 1.45|3.79 9.65 25.2 0.206 |0.54
Females . ‘
0 1.42 6.51 1.0514.79 5.00 22.9 0.146 |0.67
25 1.49 6.77 1.06{4.81 5.38 24.4 0.183 |0.83
100 1.47 6.56 1.09|4.87 5.35 23.8 0.196 {0.88
400 1.62**|7.34** 1,16(5.27* 6.00**|27.1** 0.216*|0.97

[Statistics: ANOVA + Dunnett Tests, *p < 0.05 ** p < 0.01.]

The toxicological significance of the increase of
liver weights in females is questionable since no

s

changes dn elinical chamistries ALP z2nd ZEGPT on? no
histopathological changes in the liver were observed.
No significant increases in male liver weights were
observed.

The increase in the relative weight of the kidneys

in male rats and in the absolute and relative weight
of the kidneys in female rats are also of guestionable
toxicological significance since no changes in
clinical chemistries, urinalysis, or histopathology
suggest kidney pathology.

The observed increase in absolute weight of the thymus

and the relative weight of the lungs in female rats
of the top-dose group appear not to be associated



with the administration of the test material since
the histological examination of these tissues did
not reveal any abnormalities or variation that
suggest thymus or lung pathology.

Macroscopic Pathology - Gross examination revealed
no compound-related effects in the tissues examined.

Incidental findings included:
Male Rats
Small intestine - pronounced Peyer plaques in one

control rat and in one rat at 100
ppm dose level.

Kidney - cyst in one rat at 25 ppm dose
level. ‘
Skin - alopecia in three rats at 25 ppm

dose level.

1

Cervical glands enlarged in one rat at 100 ppm

dose level.

Liver - prominent lobular pattern in one
rat at 400 ppm dose level.

Female-Rats

Skin - - alopécia in two rats at 100 ppm
dose level and in one rat at
400 ppm dose level.,

Ahdominal cavitu — andals in fat

LS sy 3 P
~i33sue INn Ll

control rat and in one rat at
25 ppm dose level.

Thymus - sugpected tumor in one rat at
25 ppm dose level.

Preputial gland - cystic nodule in one rat at
400 ppm dose level.

Histologic Examination - The organs investigated
histologically from the rats that received the test
material exhibited no essential differences from
controls. The presence of one thymoma tumor in the:
thymus of one low-dose female rat was observed.




Conclusions:

A sytsemic NOEL at 100 ppm is demonstrated.

LEL - increase in relative kidney weights in high-dose
male and female rats (400 ppm). Increased absolute
and relative liver weights in high-dose females
(400 ppm).

Classification: Core-Minimum Study.

(717
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1nformatlon. ‘ ' ' : '
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A draft product label: - - _

The product confidential statement of forﬁula;
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FIFRA.registration data.

The document is a duplicete of page(s)’
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The document is not responsive to -the request.
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The information not included is generaily considered confidential

- by product registrants. If you have any questions, please contact

the individual who prepared the response to your request.
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The information not included is Qenerally considered confidential
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the individual who prepared the response to .your request.
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PESTICIDES AND TOXIC SUUSTAMNILS
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DATE: October 27. 1980

SUBJECT:  Imazalil (active inqredient). Funcaflor (Imazalil - containing
formulation) H-Am-ﬁm,a-a*n:_oqoc:m:*_vamnamuoqoomzx_o:xzvumﬁj<d, -

14-imidazole. N - CASWELL NO. 497AB
AT

~ - Lot
e s e e
FROM: Carlos A. poa1¢ocmNAa;rJ ” :ngs
Toxicology Branch/HED (TS-769) " .
A @um&ﬂzﬂﬂ;ao

T0: Mr. Henry M. Jacoby, PM 21
Registration Division (TS~767)
EPA File Symbol 43812-R

) pp# OF2321 and Food Additive Petition CH5254
petitioner: Janssen R & D, Inc.

£01 George Street

Mew Brunswick, N.J. 08903

>mﬁwo= Pequested

1. Applicant requests a tolerance of 10 ppm of Imazalil in whole
citrus fruit and 0.2 ppm in the edible pulp.

2. Applicant requests the following focd additive tolerances of
Imazalil resulting from post-harvest treatment of citrus.

Dried Citrus Pulp 20 ppm
Citrus Uil 20 ppm

e o
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2. Application:

. 000057

In dips, wash tanks, and drenches, ditute with
water to give a treating concentration of
500-700 ppm imazalil. (1:1364 dilution)

In non-recovery spray dilute with water to
give a treating concentration of 1000 ppm
imazalil. (1:681 dilution)

For water spray brush muv_ﬂnmﬁmoz._qmd:ﬁm with
water to give a treating concentration of 1009
ppm imazalil. (1:681 dilution)

Foamer, dilute with ready to use detergent
material to give a treating concentration of
2,000 ppm of imazalil. (1:341 dilution)

In citrus wax, dilute with citrus wax to give
a treating concentration of 2000 ppm imazalil.
(1:341 dilution)

E. Toxicity Studies for Imazalil submitted with Pesticide Petition

- BE2100, July 17, 1978 are the following:

Technical Product (Imazalil Free-Base

pP.1., NEL,
Study Species LD50 mg/kg, etc. 95% C.L. mg/kg.
Acute Oral Rat (M) 320 253-405
- Acute Dermal Rat (M&F) 4,200 (M) 2,966-5,498
4,880 (F) 3,144-7,575
Acute Oral Dog (M&F)} 64G - -

Acute Inha-  Rat (M&F) >16 mg/1

lation
(20% E.C.)

Eye Irrita- Rabbit slight irritation (use dilution)
tion (1,000 and 2,000 ppm)

. Eye Irrita- Rabbit - severe irritation

tion {98%)

e 6 mouains, 182 Rat (M&F) N.E.L. needs to be re-cvaluated based

years feading

on submission of additional data.
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v : ‘bll
. , p.1., NEL,
. Study Species LD50 mg/kg, e€tc. 95% C.L. mg/kg
3-Generation Rat Reproduction performance not affected
(5,20, & 80 mg/kg)
Feeding (4 weeks) Hen : Egg production &
(53,116,4120 m\msmSmd\amkv reproduction not
. affected.
. Cumulative 4 Rat NOEL = 200 mg/kg

T week Oral (0,100,200 mg/kg)

Mutagenic Studies (Dominant lethal)
(0,10,40 & 160 mg/kg) - Male Mice NO LETHAL MUTATIONS INDUCED

(0,20 & 160 mg/kg) - Female ilice

Acute Oral Rat (M&F) LD50 = 374(284-488) mg/kg

u

287 2g/kg (M)

Acute {1.P.} Rat (M&F) LD50
. 154 mg/kg (F)

LDS0

oral Ferti- Rat (M&F) Fertility not affected
1ity (5,20 and 80 mg/kg)

2 Year Feed- Dog (M&F) NOEL = not determined, pending sub-

: ing Study mission of additional information.
. Oral-3 Gene- Rat (F) NOEL = 80 mg/kg
ration Study (0,5,20 and 89 mg/100g food)
Teratogenic  Rat (F) No teratogenic or embryotoxic effects
and Embryotoxicity
Metabolism Rat Mo retention in fatty tissues, little
tissue retention.
Subacute Rat . At 40 mg/kg - no effects; at 160mg/kg
Dernal (2 weeks) temporary irritation. At 640 mg/kg .

(40.160, and 640 mg/kg) scale and crusts at the end of 2 wks 3
reversible after 2 weeks.

Orai yietary Rat NOEL = 20 mg/100 g food
(14 weeks) (0,5,20 and 80 mg/100g food)
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Study - Species LD50 mg/kg 95% C.L. mg/kg
Technical-Imazalil Sulphate - R 27180

2 Acute Oral  Rat (M&F)  LDSO = 550 (421-719) mg/kg.

Technical-Imazalil Nitrate

< Acute 0Oral Rat (M) LD50
(F) LD50

u

343 (262-448) mg/kg
288 (221-377) mg/kg.

[}

F. Comparative Acute Oral Toxicity Studies in Rats Using Different
Imazalil salts, (Dept. of Pharmacology, Janssen Pharmaceutica,
BeTgium, fay 1979). .

Imazalil nitrate (R 18531)
~  Imazalil base (R 23979)
© Tmazalil sulphate (R 27180)
Imazalil acetate (R 47657)

- 320-mate and 120 female inbred Wistar rats weighing 254 + 19 g
{males)_and 245.+ 21 g (females) were used in this study. The
: _ dose levels_for each compound (160, 320, and 640 mg/kg) were
’ adninistered orally by gavage as an aqueous suspension at a
* —~otume of 1 m1/100g body weight.- For each dose 10 male and 10
female rats were used. The rats were observed at regular:
intervals during 14 consecutive days for signs of toxicity and’
mortality. . - - o

- - P

Résults: |

- —n -

Ifazali1 nitrate (R 18531): i

>wwumo.amxx@ - ataxia, piloerection, hypotonia and hypothermia

Tn male and females; tremors, :salivation, lacrimation and
excitation in females only.

-\

n&.wNa.s@\xm -.mwam mKEUﬁoam.mw 160 mg/kg, plus exophthalmia,
%wmpmmxm_ ptosis and loss of the righting reflex, convulsions,
diuresis and hyperemia in females only.

At 640 mg/kg - same symptoms as 320 mg/kg, plus diarrhea in
female only.
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Comment: These symptoms differ from original study in 1973. No
symptoms or abnormal behavior were observed or reported in the
160 and 320 mg/kg dosages. Please explain these differences.

Imazalil base (R 23979)

At 160 mg/kg: ataxia, piloerection, hypotonia, hypothermia,
tremors and excitation-in both sexes.

At 320 mg/kg: same symptoms-as 160 mg/kg dose “level, plus
: salivation, lacrimation, diuresis, diarrhea, palpebral ptosis
and Toss of righting in both sexes; excitation in males only,
and hyperemia .in_females only. -

) At 640 mg/kg:-same symptoms as 320 mg/kg, plus exophthalmia and
lTacrimation in females.only.

Comment: slight tremors and clonic seizures were 1muosﬁma in the
HuNM.mﬁcak. however, these symptomns were not reported in the
present study. - Please, explain these differences.

RS
N~

ImazaH1 Sutfate (R 27180): *= -~ -

>a“Hmoma@\mom.>ﬁmwﬂm..u*domxmnnmoa. hypotonia, exophthalmia and
tremors in.male and female. = - . ‘

At 320 mg/kg: same symptoms as 160 mg/kg, plus hypothermia,
Tacrimatton, salivatien, “dtarrfiea, diuresis, palpebral ptosis,

excitation, loss of righting reflex in both sexes, sedation in
males only. At 640 mg/kg: same symptoms .as the 320 mg/kg dose

level s’
Imazdli] acé¥afe: (R'47657)

&f 160 mg/Kq: "ataxia, hypotonfa, tremors in both sexes;
exophitha mia, -piloerection, diarrhea, diuresis, lacrimation,
§a¥ivation, hypothermia, hyperemia, excitation and loss of the
righting reflex in females only.

- “ e -
.- - - - W e e == - — .
- -




~Imazalil nitrate: LD50

. 000057
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At 320 mg/kg: same symptoms as 160 sm\xa_aomm level for both
sexes; convulsions in females only.

At 640 mg/kq: same symptoms as 320 mg/kg dose level for vonz
sexes; lacrimation and diuresis in females only.

.The LD50 of the compounds tested were as follows: (Rat - male

and female)

[}

343 (262-448) mg/kg (M)
288 (221-297) wmg/kg (F)

]

343 (262-448) mg/kg (M)
227 (174-297) mg/kg (F)

U

Imazalil base: LD50

355 (272-464) mg/kg (M)
309 (237-404) mg/kg {F)

i

imazalil Sulfate: LD50

- -

fmazatil acetate: LDS50

i

371 (284-485) mg/kg (M)
309 (237-404) mg/kg (F)

TOX-Category:.-I1 ..

mummu*m*nmﬁ*oz.-nosm-zﬂ=*5=a Study

on*nﬂﬁz studies submitted with this petition:

+.muﬂnd=oom=ﬂndﬂ< in Wistar Rats with Imazalil base (R
-,momwwv (R. Marsboom, Y. Hann, Jansseen Research Labs;

- m_mﬂcav S _ v )

1383

mo=1 :::aﬁma young healthy Wistar rats with an initial body
1-::weight-of + 400 g_{males) and + 300 g (females) and whose
t—age-varied between 3 and 4 months were used in this

.- study. -Fifty male and fifty female rats were fed 0,2.5,10

T—a a.po;sm\wm\nmz of Imazalil for 24 months. The compound

s=° -was-admixed.with the basic laboratory diet. ;The dosed

~T . .animals.received the test material as a zmﬂﬂmcdm owder

* (consisting of : 25% Imazalil base,
for seven days a week for 24 mor..hs. The test materia
fcod was prepared fresh once every iwo weeks and kept at
room temperature. All rats were examined daily for signs of .
waning health, abnormal behavior, unusual appearance,
clinical effects, toxic and pharmacological responses and

survival.

plus
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' " Terminal studies:

At the termination of the study, a full necropsy was
performed on all surviving animals. A full necropsy was
also performed on all animals which died during the course
of the study. Autopsy was performed as soon as possible
after death or sacrifice and any macroscopic pathological
changes noted.

2. 0Oral Carcinogenicity Study in Mice with Imazalil-sulfate R
. 27180, (R. Marsboom, V. Herin, Janssen Research Labs,
BeTgium).

Four hundred young healthy Albino Swiss mice (200 male + 200

female) with an initial body weight ranging between 20 and

25 g and whose initial age varied between 7 and 8 weeks were

used in this study. The four hundred mice were divided into

4 dosage groups each consisting of 50 males and 50 females

and given the test material orally in aqueous solution via

the drinking water seven days each week during 18

consecutive months. Approximate doses of 0,2.5, 10 and 40__
ma/kg body weight were given. The solutions used were
prepared fresh each week. A1l animals were observed daily

. for signs of waning health, abnormal behavior, unusual

v appearance, clinical effects, toxic and pharmacological

responses and survival.

Terminal Studies:

At the termination of the study, a full necropsy was -
performed on all surviving animals. A full necropsy was:
also performed on all animals which died during the course
of the study. Autopsy was performed as soon as possible
after death. or sacrifice and any macroscopic pathological
changes 'were noted.
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Results:

Please refer to the attached paper, Subject: Additional
Pathologic data to experiment "Imazalil Residue Tolerance
Petition" in rats and mice by Louis Kasza, Pathologist,

Toxicology Branch.

3. Micronucleus Test in Rats with Imazalil (R 23979), (R.
Marsnooon, Ph. Vanparys, Janssen Research Labs; Experiment

NO.. 916, (2-18-79) . - e oo

The purpose of this study is to assay for the induction of
‘structural chromosome aberrations in bone marrow cells by
the test compound Imazalil (R 23979) when administered to
rats intraperitoneally. WMale rats were dosed with 10,40 and
160 mg/kg of test material per kg body weight at 30 hours
and 6 hours prior to preparation of the bone marrow. A
‘total of 2,500 erythrocytes per animal were screened for the
presence of micronuclei. Structural chromosome mutations
wer. evaluated by the enumeration of the micronuclei in
polychromatic and normo-chromatic erythrocytes.

. | A positive control group of male rats were dosed I.P. with
: .- »u‘su\xm4n<n_ou:omn:maﬁama. i

Resultsy ©~ 0 0 .

_The rate of .micronucleated polychromatic cells in the
-negative control and three Imazalil R 23979 dosage groups
“are considered normal spontaneous rates.

The- dosing of male-rat¥ in a pocitive control group with 40
474/Kg cyclophosphamide “intraperitoneally led to an increase
3nthe-number of- micronucleated erythrocytes as a result of

Xha” chromosome - breaking effect of cyclophosphamide.
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Conclusion:

The test material Imazalil R 23979 when given at 10,40 and
160 mg/kg intraperitoneally was considered non-mutagenic in
rats under these tests conditions.

Acute Oral Toxicity in Rats with Imazalil 68% w/w
formuTation (C.J.£. Niemegeers, Janssen Research Labs.,

Belgium, August 1979). " ~ -

90 Wistar rats, 45 males weighing 247 +°17 g and 45 females
weighing 235 + 21 g were used in this study. Five males and
five females were used per dosage level of 158, 199, 251,
316, 393, 502, 632, 795 and 1001 mg/kg. The compound was
administered by gavage, as a single oral dose. Gross
behavioral effects and the number of deaths were recorded at
regular time intervals after the drug administration.

mmmcdﬁm. L. .-

LB50 .= 252 mg/kg (M8F) . - - . Lo o
"= 299 mg/kg (M) : :
-o=214 mg/kg (F) - oo nn e i

Gross béhavioral effects: at all levels

h

exopittalmos and piloerection. At 199 and above-Ataxia and
toss aof .righting reflex, tremors, salivation; hypotonia
hypathermia, palpebral ptosis, lacrimation and diarrhea.

- -

o

cmmmmaﬁzmm%mm of the Acute Orai ao»+n+«< of Imazalil EC 68%
W/ n Rats, .(Spanjers, H.P. Til, Janssen Pharmaceutica,
wwdmfcawpmJHpANovﬁx.ﬁJ Comee T

30.young -adult albino rats .(Wistar derivad), 15 males and 15
females weighing from 126 to 213 g for males and females
from 101 to 150 g were used in this study. The test
material was administered by gavage to.groups of 3 males and
3 females as a 7.35% (4/W) aqueous dilution in single doses
of 5.0, 7.0, 9.8, 13.7 or 19.2 ml/kg body weight. After
treatment the rats were observed for signs of jntoxication
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during a l4-day period. Autopsies were carried out on the

survivors. The LD50 values after 24 hours and after 14 days

were calculated by the method of Weil (Biometrics 8 (1952) :
249-263). . .

Results:

et

LDSO = 286 (264-309) mg/kg

The rats showed sedation, tremors and convulsions within few
hours after treatment.

In the two highest dose groups diarrhea was observed.
Deaths occurred between 3 hours and 3 days after dosing.
Macroscopic examination of the survivors did not reveal any
treatment related gross alteraticns.

Classification: Core-Minimum Study

TOX Category: II

6. Acute Dermal Toxicity (LD50) in Rabbits with Imazalil R
‘ 23979 (68% W/W), (R. Marsboom, Ch. van Ravestyn, experiment
: No. 932, 12-14-79, Janssen Research Laboratories)

28 New Zealand White rabbits, 14 male and 14 female weighing
2.65 to 4.8 kg were used in this study. Four rabbits, 2
male and 2 female, were used per dose level of 2 ml/kg
(placebo), 1.0,1.4,2.0,2.8,4.0, and 5.6 mi/kg of Imazalil
formulation. Two rabbits assigned to each dose level were
abraded. On the day of treatment the fur was closely
clipped from the upper back area. The trunk or back of each
rabbit was covered. At the end of the 24 hour exposure, tie
bandages were removed and the test site flushed with tap
water and gently dried. Rabbits were observed daily for
signs of toxicity, mortality, body weights for 14 days.
Necropsies were performed.




't
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Results:

(7

LD50 = 2.0 m1/kg

Body weight normal at 1.0 and 1.4 ml/kg. At 2 ml and above,
mortality prevented further recording.

The formulation caused erythema and edema ranging from
moderate to severe. Observation during the second week
revealed dry and/or hardening of skin in the treated area,
crustforming eschar and exfoliation. In all cases the
lesions were reversible.

Postmortem cbservations were generally the same at lower
dosages, more pronounced at highest dose level showing a
pale discoloration of the liver.

Classification: Core-inimum Study
TOX Category: 11

/46

7. Acute Inhalation Toxicity in Rats with 20% Solution of
Imazalil EC 685 W/W in Water, (L., Appelman, Report No. R
8126, Janssen Research Labs, June 20, 1979).

The acute inhalation toxicity of a 20% solution of Imazalil
EC 68% W/W in water was studied in 5 male and 5 female rats
by exposing them for a period of 4 hours to an atmosphere in
which the material was finely dispersed at the maximum
attainable concentration of 65 mg/m’ of air. After the
exposure period the animals were observed for 2-weeks for
toxic signs, body weights, mortality and g-oss examination
at autopsy .

Results:

After 4 hours exposure the animals were slow in their
movements. No mortality occurred during the 4-hour exposure
period and subsequent 14 day observation period.

Classification: Core-Minimum
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Otular Irritation Study in Rabbits with Imazalil R 23979,
(Experiment ilo. 895, 7-11-79, Marsoom, Ch. Van Ravastyn,
Janssen Research Labs., Belgium).

0.1 ml of the test material was instilled into the lower
conjunctival sac of one eye of each of six rabbits weighing
about 4 kg. The opposite eye of each rabbit remained
untreated and served as the control. Observations of ocular
lesicns were wmade at 1,2,3,4,5,6,7 and 10 days after
instillation. Study was terminated at 10 days observation
period.

Results; | L

S -

€orneal opacity (Grade 2) in 6/6 animals was observed at 24
hours: -The corneal opacity persisted throughout the study

(Grade 4) was observed in 4/6 and (Grade 3) in 2/6 animals

at ‘the 10th day observation period. Due to corneal opacity
no scoring could be done on the iris. Severe Conjunctival

irritation persisted throughout the study.

e T -

T men vz

T0X Category: I ... _. . .

lu

Prifary Skin Irrifation in Rabbits with Imazalil R 23979, -

RBSUILS:” -

{Experiment No.. 894, 7-10-79, Marboom, Ch. Van Ravestyn,
Janssen Resarch Labs., Belgium).

. - —— -

5 T" of. the test material was applied to the intact.and

abraded skin of 'six male ‘albino rahbits weighing about 4 kg.

1fm.WNacdm was introduced under a double gauze layer to an
area .of skin 1" x 1" square. The patches were then covered

o w e

#d-matntained in contact with the skin for 24 hours. After
mwmbwc1m H:m1bmmn&wm-zw1m removed and the skin reactions

Abged

iy VT N b = g

'

ne =Ll

PHIRIF) TFFTtation Index = 1375, Very slight to well
defined erythema and very slight edema were nc*ed at 24 and
72 hours.

Classification: Core-Minimum Stucy.

TOX Category: 1III
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Conclusion: 000057

For reasons stated hy Dr, Kasza, in his attached evaluation, the

Oral Carcinogenicity Studies in Mice and Rats contain significant ’
deficiencins, I[nformacion and data requested by Or. Kasza must be -
addressed by the Redistrant. An individual tabulation of lesions

noted should be renorted and separated according to whether they -are

neonlastic or non-neonlastic. C

It 1s further noted that the Wistar rats used were + 400 and + 300
grams (M or F) (reportedly 3-4 months old) when started on- test.

The recommended age for rodents is "as soon as nassihle af’

weaning and acclimatization and preferahly, before the ani . are
veeks 01d". These animals were not within the recommended

bracvet and may account for the mortality rate observed and which
could further obscure the oncogenic potential of the material

tested. Mevertheless, the tumor incidences reportei for rats and N
mice (and noted by Dr. Kasza) have been statistically eraluated by o
B. Litt. ' 4

Rat Study

T S

0f the tumors noted by Dr. Kasza, only the incidenca of

hypophyscal tumors-in treated rats aooeared sianificantly different
from control (p < ,05). However, considering the age of the animals
at the start (3-5 months) this incidence at termination (18-24 g
months) could be more related to the aging process in rats - as 3
such, spontaneous tumor formation in the hynophysis is common in »
aging Wistar rats. Pituitary tumors.may be found in association :
with ovarian abnormalities and spontaneous tumors of the breast - 3
which was also ‘observed in these animals. 1In this study, such rats P
would have been 23 to 29 months old, The time-related observance ”
did nog;ggpggg_;g_giffgr_fxgm"ggntrg}_ggina1s; indicating that the
compound did not stimulate or shorten the latent peried for
hypophyseal tumors. . . 4 .

Considering the nature and degree of.the deficiencies/inadequacies
of this.study as well as the high mortality rate and poor health of
all animals, a _negative-finding for oncogenicity in this strain of

rat cannot be supported By the data oresented. Therefore, another }
two-year rat oncogenicity study, properly designed and performed, 3
must be-submitted. :.:. . Tl ' i

Mouse Stud;-'—- 3

Statistical evaluation of the incidence of lymphowa, histocytic
lymphoria " dnd thymoma ~d1d not indicate significant differences from

controt.-

The sane conclusions with reqard to the neqative finding for
carcinogenic potential in this strain of mouse are equally true for
this mouse study as for the rat study previously stated. Therefore,
a separate mouse study, pronerly design:d_and perforrmed, must be

submitted, /(fy o qb .v
[ BEST AYAILASLE COPY | ]
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In addition, a rereview of the chronic toxicity studies (Rats and
Dogs) reveals the following:

Rat 2-Year Chronic Feeding Study

1. Mo individual histopatholoay reports sudmitted. These are - -
necded and should be supplied in a readable format.

2. There were only 101 and 10F rats per doce and with subseauent
40-70% mortalitv; 10 test animals were not autopsied at 24
months; and average of 60% (M) and 70% (F) of the test animals
(not control) were autonsied at 20 months or longer.

Mortality

Dose Male Female

T §710 3710
5 7/10 4/10
20 . .4/10 . 3/10
80 5/10 4/10

Why the high mortality and why no autopsy reports?

3. There was insufficient histopathology of suspected target
organs. There was also no histopath of the spinal cord.
Considering the severity of the acute toxicity symptoms (i.e.
ataxia, hypotonia, clonic seizures, hypothermia, loss of
righting reflex, tremors convulsions), more complete histopath
of the CNS is needed The c¢lonic seizures, tremors and
hypothermia are considered associated with a CMS disturbance.

{ ’ '<~ Ry .
.j'///i[l.‘/‘lz °/./';L§ (A //tLS?‘ /f / 4(7)4 /J/L// L‘.(.7('"'Lk

v/ /‘/.)("1//{/"4‘/// ///g/ . % / ) X . . S
J - e K gt s e 7

e

I e 7/ N A ce.-/// O, B2, 5,0 onef
Y0 rrig [fog Aot} ot Aﬂ:/
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These acute effects, which_were also noted in the 2-year dog
study, were inadequately evaluated histopathologically for CNS
effects. Specific areas of the CNS should have been sectioned,
as well as the spinal cord. These were not performed. Why not?
If these tissues are available they should be sectioned and
evaluated by a pathologist.

Dog 2-Year Chronic Feeding

Individual gross and histopath reports were not submitted.
These are needed and must be submitted in a readable format.

The values (clinical) for male and female dogs ware pooled.
This is an unacceptable practice and tends to average out the
extremes in both cases. Therefore, the values obtained for
males and females, per dose must be segregated and reported
separately. Also, historical baseline data for the colony of
dogs used must be submitted.

The dogs showed a declining body weight gain associated with
dose for both male and female dogs wi.n marginal effects noted
at 1.25 mg/kg in females, but significant for males.

Males .

Dose Initial Weight Final Weight Av. Wt. Gain
0 35.45 . 51.10 16 kg 5.3

1.25 . 35.00 48.00 13 4.3
5 34.30 43.65 .9 - 3
20 36.40 - 40,90 4 1

Females . T ]

Dose Initial Weight Final Weight Av. Wt. Gain
0 30.00 43.45 i3 4.3

1.25 30.40 . 42 .55 12 ’ 4
5 30.50 36.80 6 2

20 32.10 35.40 3 1
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Examination of the study revealed that the dogs experienced
emesis shortly after dose administration (gelatin capsule) and,
therefore, the chemical interfered with proper dietary intake of
nutrients since there was free access to food and water. Also,
since the chemical ciused emesis(not noted in controls) there is
no adequate calculation as to the average daily dose received.
It must be assumad that a dose smaller than that administered
was received. Therefore, the 1.25 mg/kg dose is not an accurate
raflection of the HEL. Also, an epileptic seizure was noted in
1 of 3 dogs at 5 ma/kg. This observation coincides with the CNS
effects noted in rats from acute ingestion.

Again, as in the rat, there is inadequate evaluation of the CMS

with emphasis on the specific areas of the brain associated with
motor control and dopaminergic pathways.

Because of the decrease in body weight gain and emesis noted at
all dose levels (other than control), 1.25 mg/kg cannot be
considered a MEL for the dog 2-year feeding study.

Recommendations

Based on the above, the toxicity data are insufficient to
support the reauested tolerances; gending requested data, and
resalution of the.many deficiencies noted.

TS-769:RODRIGUEZ:s1v:Cit#2:RM.816:X73710:10/4/80
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OFFICE OF
PESTICIODES AND TOXIC SUBSTANCES

MEMORANDUM B -

DATE: JAN 6 1982

SUBJECT:"Imazalil, EPA Reg. No. 43813-R, PP #0F2331, 8E2100 and
FAP #0H5254. Response to Company Submittal of Additional
Data and Information.

FROM: R. Bruce Jaeger, Section Head ‘ 4
Review Section #1 1{'\/(« \5\?(/
Toxicology Branch/HED (TS-769) !

TO: Henry M. Jacoby, PM-21
Registration Division (TS-769)

The data submitted by Janssen Pharmaceutica, Inc. to support registration

ot Imazalil have been reviewed by several persons which resulted in a meeting
with Company Representatives 8/28/81. At that meeting, Janssen Pharmaceutica
clarified some points and aqreed to provide additional data to clarify

the remaining discrepancies. The most recent submittal of data is
information requested by Tox. branch at that 8/28/81 meeting. Some of

this data was previously submitted and reviewed.

The following conclusions pertain to the total data package subm1tted
te date with respect to registration of Imazalil,

1. 2-Year Dog Feeding Studv

Janssen has presented convincing evidence that the decrease in body
weight gain for the beagle dog is not significantly diffzrent from
control (p > .05) at 1.25 mg/kg. Therefore, the body weight gain
is satisfactorily resolved with the statistical presentation. The
NOEL for this effect is considered to be 1.25 mg/kg.
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It must be recognized, and it has been stated in previous correspondence
(both written and oral), that the 2 yr. chronic feeding study in dogs
was presented in a “piece meal" manner which rreated some of the
"discrepancies" that we have subsequently satisfactorily resolved.

If all of the necessary data had been presented originally, much.

of the ensuing confusion could have been avoided. Tox. Branch

remains of the opinion that the high dose group (20 mg/kg) cannot

be considered useful for pathology, histopathology, etcetera because

dogs on the high dose. Nonetheless, sufficient data have been
presented to Tox. Branch to conclude that the NOEL for this study is
1.25 mg/kg with an LEL of & mg/kg for decreased body weight gain.,

Classification: Core Minimum

2. Rat/Mouse Carginogenicity Studies

The individual animal data requested by Dr. L. Kasza as pertains to
the rat and mouse carcinogenicity experiments have been submitted
and reviewed. Tox. Branch concludes that there were no significant
differences in the number, type or severity of lesions-in any -of
the treatment groups versus the controls, in either experiment.
There was also no significant effect on the lateny period for
development of the lesions observed in the treatment groups versus
the contre! (e.q. rat, < 18 month and > 18 months; mouse <18 months
and at 18 months).

Janssen has presented information entitled "Life Expectancy, Wistar
Rat" (Oct. 1981) which appears to support their contention that in
short living rat strains, such as the Janssen Wistar substrain,
tumors will appear earlier than in longer living strains. Toxicology
Branch, nonetheless, contends that the most suitable strain of
laboratory rat be used in carcinogenicity studies and that such a
strain be exposed to test material for at least 2 years. Obviously,
the Janssen Wistar substain does not live that long and geriatric
effects only compound the interpretation of such data. Toxicology
Branch therefore, recommends that future rat carcinogenicity studies
utilize a strain of rat with sufficient longevity to allow for

such a treatment schedule without complication by geriatrics effects.

Toxicology Branch does not believe Janssen has adequately addressed
the point 2.H. in their 5/20/81 letter, e.qg. use of 3-4 month old
rats. Janssen has presented Jata (Life Expectancy - Wistar Rat,
5 October 1981) which would indicate that carcinogenicity studies
performed in their lab during the period 1976-1980 utilized rats
which were 8 weeks old at the start of the study (see Table 2,
September 1981 in reference abovej, This contradicts their previous

of poor or inadequate compound incorporation and uptake by those -
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statement that "at the start of the study (8/12/76) no recommen-
dations for carcinogenicity studies existed. Since the of ficial
proposals were published, they only use animals of 6 weeks of age
when starting a carcinogencity study, "Toxicology Branch wants
these disparities clarified and again asks specifically why were
3-4 month rats used rather then their recommended starting age of
8 weeks? ,

Furthermore, with respect to their reply (5/20/81 letter) to item -
2.H., life expectancy tables presented could argue against using

older rats (i.e., older than 8 weeks) in that at 24 months their is
94.3% and 89.5% mortality in males and females respectively. These
rats obviously can't live to 27 or 28 months as purported by Janssen.(;

Also, true 1ifetime tumorigenesis appears to occur in the Janssen
Wistar substrain at 18-20 months for females and males, respectively,
That being the case, animals should have been on test at an earlier
age, but as such were exposed for only 14 months,

In the above discussion Toxicology Branch has tried to point out
some of the deficiencies in the design and execution of the rat
carcinogenicity study and would therefore, for those reasons, not
encourage the same type of data to be submitted in the future.

Nonetheless, after carefully evaluating the data presented Toxicology
Branch does not believe that imazalil is carcinogenic in the Janssen

Wistar rat substrain or in the Albino Swiss Molise at ‘the highest

dose tested, respectively. TB bases this conclussion on the reported
number and frequency of lesions which occurred in the control and
treatment groups.

TB requests that Janssen provide calculations for reputed compound
intake of 2,5, 10 and 40 mg/kg body wt./day for both rats and

mice. The Food Consumption tables (Al.1 - Al.24 Acc. #070089), do
not lend themselves to such determinations and would indicate that
males and females were not receiving the same amount of imazalil

(on a mg/kg body wt. basis).

Classification (Both Studies): Ccre Minimum

2-Year Chronic Rat Feeding Study

Toxicoloqy branch has thoroughly evaluated all available data
pertaining to the 2 year rat chronic feeding study and reiterates
its previous conclusion that the study design and conduct are
deficient in several areas.

\
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aningful interpretation

(gross, histo, rel/abs. organ wt,) by themselves, There were too
few male ratsg evaluated at the high dose (e,
the 6 month, 12 month and 24 month data doeg

9. 2, 3, etc.). However,

increases for liver and kidney in the females at the high dose.

(e.g.5,

was also a significant increase in relative
at the Mid- and High doses at ]2 months; but

of animals examined at 24 months (also,

12, 24 months), There
liver weight for maleg
insufficient number

relative organ weights

were not determined or included, only absolute),

12 months: Hp - 2/8 chromophobe tissue

Control 0/7

24 month: Hp - 5/5 chromophobe tissue

Control 0/6

HD - 3/5 hyperplasia (adenoma)

Control 1/6 hyperplasia (adenoma)

[Note: there was no histopatho]oqy of the low-

There was also an apparent effect on

HD 4712
Control 1/16

the Tung in the Hp animals for
reticuloendothelja] sareoma (hyperp]asia):

The company has still not supplied complete autopsy information,

Animal number 191 (HD, male) was not
examination and ng indication of his

subject
fate.

ed to histopatho]ogica]
Please clarify,

In most instances the relative organ weights for thyroid and thymus

le at A6.67, A6.66, A 6.107,
le, the mean of 0.8638 and

0.1249 cannot be equal to 0.1056, The Company must please correct

were incorrect]y presented. See Tab
A6.27, A6.146 and A6,227. For examp

these tables.
Furthemore, TB requests the company

determinations of compound ingestign
day basis,

please submit calculations and

(daily)

on a mg/kg body weight/

or mid-dose group animals],

¢
4
> 3
-
A
4
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The study, as submitted is considered to be CORE: Supplementary

data due to the deficiencies noted above. However, when considered
in conjunction with the data provided in the 2 year rat oncogenicity
study, sufficient pathology is provided to determine a NOEL for the
study; by itself, the study will not support such a determination.
The NOEL for the 2 yr. rat chronic feeding study is conservatively

5 mg/100 grams food with an LEL = 20 mg/100 grams-food for liver
effects (relative liver weight increase) in males and marginal
effects in females. Similarly, at the HD there are effects on the
hypophysis, kidneys and lungs.

Classification: Core Supplementary

Y e A AT e o
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3 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
< WASHINGTON, D.C. 20460

'ZL PRO“"C:\ .
_ OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES ~
MEMORANDUM

SUBJECT: Imazalil Reregistration; Reregistration Case No. 2325j
Review of Reports Submitted by Registrant Regarding
1) Relevance of Liver Tumor Formation in Mice and
2) 3-Month Oral Mechanistic Toxicity Study in Mice

DP Barcode D203268 Tox. Chem. No. 497AB

Case 816389 PC Code No. 111901
Submission S465342 MRID No. 432024-01
432024-02
432226-01
FROM: Edwin R. Budd, Toxicologist &%J 0]
Review Section III zqq
Toxicology Branch I T

Health Effects Division (7509C)

TO: Kathryn Davis/Kathleen Depukat
Chemical Review Manager Team 52
Reregistration Branch
Special Review and Reregistration Division (7508W)

THRU: Karen Hamernik, Ph.D., Section Head ’
Review Section III
Toxicology Branch I 0&3%
Health Effects Division (7509C) y =

Background:

The registrant of Imazalil, Janssen Pharmaceutica, recently
submitted to EPA a carcinogenicity study in mice using Imazalil
Base as the test material (MRID No. 429720-01) . In this study,
statistically significant increased incidences of hepatocytic
neoplasms were observed in male and female mice (see memorandumn
from Edwin R. Budd, HED, to Kathryn Davis, SRRD, dated June 8,
1994). Because of the neoplastic response observed in this
study, this chemical is being scheduled for review by the HED
cancer Peer Review Committee.

@ | 1‘35
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Reggested»Action:

The registrant,hon its own initiative, has how submitted for
review the following additional information regarding the
carcinogenicity of Imazalil in mice:

1)

2)

Safety Assessment of Imazalil (Enilconazdle), Relevance of

Liver Tumor Formation in Mice, Janssen Research Foundation,
Report No. PPD-4, March 30, 1994 (MRID No. 432024-01), and

a 3-Month Oral Mechanistic Toxicity Study in Mice, Janssen
Research Foundation, Mo. 3140/FK1600/FK1682, February, 1994
({MRID No. 432226-01 and 432024-02)

Conclusions:

1)

2)

Receipt of the first document (MRID No. 432024-01) by
Toxicology Branch I is acknowledged. 1In this document, the
registrant presented a position statement, based on the
available toxicological information, on the human relevance
of the liver tumor formation in mice. A brief summary of
the statements in this document is presented in Attachment
#1 to this memorandum. Information in this document will be

considered, as appropriate, by the HED Cancer Peer Review
Committee. '

The second submission, a 3-month mechanistic study in mice
using Imazalil Base as the test material (MRID No. 432226-01
and 432024-02), has been reviewed and a DER for this study
is included in this memorandum. Information in this study
also will be considered, as appropriate, by the HED Cancer
Peer Review Committee. - The Executive Summary for this study
is presented below.

Executive Summary: In a 3-month oral mechanistic toxicity
study designed to study effects on the liver, Imazalil Base
was administered in the diet to 25 male and 25 female Swiss
mice for 3 months at nominal dosage levels of 0, 50, 200 or
600 ppm (approximate doses of O, 9.5, 38.6 or 115 mg/kg/day
for males and 0, 11.3, 45.6 or 138 mg/kg/day for females, as
adjusted for actual achieved concentrations of about 83% of
nominal). Additional groups of 15 mice/sex/group were also
given Imazalil base in the diet at 0, 50, 200 or 600 ppm,
put were sacrificed at 1 month. The following parameters
were evaluated: clinical signs, body weights, food
consumption, clinical chemistries (3 liver enzymes only),
gross necropsy, organ weights, histopathology (gall bladder
and liver only), electron microscopy of liver, liver
microsomal protein and cytochrome P450 content, liver
enzymatic activities of 7 P450 isoenzymes, liver
testosterone metabolism and serum concentrations of

Imazalil. <:ZE§;§> 86
2



No treatment-related effects on mortality, clinical signs,
body weights, body weight gains or food consumption were
observed. At 200 ppm, the following treatment-related
effects were observed: increased incidence of dark liver at
gross necropsy in males, increased incidence and severity of
"centrilobular clearer aspect" and of large and/or small
vacuoles in the hepatocytes of males and females, increased
liver microsomal protein in males and females, and increased
"microsomal cytochrome P450 content in males and females., At
600 ppm, the following treatment-related effects were
observed: increased incidence of dark livers at gross
necropsy in males and females, increased absolute liver . -
weights and relative liver/body weight ratios in males and
females, increased incidence and severity of "centrilobular
clearer aspect" and of large and/or small vacuoles in the
hepatocytes of males and females, increased individual cell
necrosis in hepatocytes of males, increased diffuse swelling
of hepatocytes in females, increased liver microsomal
protein in males and females, and increased microsomal
cytochrome P450 content in males and females. Electron
microscopy revealed increased numbers of lipid droplets in
hepatocytes, which corresponded with the increased
vacuolization observed by light microscopy, and a
morphologically changed rough endoplasmic reticulum (RER) in
the hepatocytes of 600 ppm males and females. Regarding
liver enzymatic activities of 7 P450 isoenzymes, dosing with
Imazalil at 200 ppm and 600 ppm significantly induced
certain enzymatic activities but also had an inhibitory
effect on other metabolic activities. At 600 ppm, the total
activity of testosterone hydroxylases was increased in both
males and females. Low levels of Imazalil were detected in
the serum of some males and females at 600 ppm only.

The LOEL in this study is 200 ppm (38.6 and 45.6 mg/kg/day
in males and females respectively) and is based on increased
incidence and severity of histopathologic effects, increased
microsomal protein and increased microsomal cytochrome P450
content in the livers of both males and females. The NOEL
in this study is 50 ppm (9.5 and 11.3 mg/kg/day in males and
females respectively).

This study was not classified in accordance with the Core
Grading System since it is a non-guideline study.

1%



ATTACHMENT #1

Toxicological information referenced and/or discussed in the
first document (MRID No. 432024-01) included the following (as
interpreted by the registrant):

carcinogenicity studies in mice

a. a first study (# 666, 1976/77) in which mice were given
imazalil sulfate in the drinking water for up to 18
months at doses up to 100 ppm (40 mg/kg/day).  Results
in this study were said by the registrant to be
negative for carcinogenicity.

b. a second study (# 2194, 1993) in which mice were given
imazalil base in pelleted food for up to 23 months at
doses up to 600 ppm (105 and 131 mg/kg/day in males and
females, respectively). [This is the same study
referred to on page 1 of this memorandum, i.e. MRID No.
429720-01.] In this study, significant increases in
hepatocytic neoplasms were observed in males and
females. The registrant again presented the liver
tumor incidence data in this study and claimed the
large majority of these tumors occurred late in the
study and that there was no dose-related shortening of
time to tumors. Further, liver tumor formation was
observed only at doses at which non—neoplastic
pathological changes were also observed in the liver
(see mechanistic study below). Historical control data
for liver tumors, including data for 2 new studies not
previously presented, were also included.

Mechanistic studies in mice

a. an oral study (# 3140, 1994) in which mice were given
imazalil base in pelleted food for up to 3 months at
doses up to 600 ppm. ([This study, MRID No. 432226-01),
is reviewed in this memorandum.] In this study, which
focused on effects of imazalil on mouse liver,
hepatotoxicity was indicated by increased liver weight,
increased serum alkaline phosphatase and/or increased
alanine aminotransferase, histopathological changes in
the liver and electron microscopic changes in
hepatocytes. The registrant stated that the liver
effects observed in this mechanistic study "indicate
that 200 ppm represented the maximum tolerated dose
level of imazalil with regard to hepatotoxicity in
mice, and revealed that 600 ppm definltely exceeded the
MTD (maximum tolerated dose), resulting in significant
hepatocellular injury." (quoted from page 5 of the

submission). ——



Liver enzyme induction studies in mice

a.

Induction of xenobiotic metabolizing enzymes: a
further study (# RO23979/FK1600, 1994) using microsomes
derived from livers of mice in the above mechanistic
study . [This study, MRID No. 432024-02,is reviewed in
this memorandum.] The induction/inhibition of several
xenobiotic metabolizing enzymes was assayed in this
study. Dose-related increases in relative liver .
weight, microsomal protein and cytochrome P450 contents
were observed. 1Induction of certain iso-enzyme
activities representative of particular P450 gene
subfamilies was observed, but inhibition of certain
other iso-enzyme activities was also noted.

Effects on testosterone metabolism: a further study (#
RO23979/FK1600, 1994) again using microsomes derived
from livers of mice in the above mechanistic study to
determine the possible effects of imazalil on regio-
and stereo-selective hydroxylations of testosterone.
[This study, MRID No. 432024-02, is also reviewed in
this memorandum.} In this study, testosterone
catabolism was enhanced and hydroxylated metabolites of
testosterone increased 1.8 and 2.0 fold in male and
female mice, respectively.

Genotoxic potential studies

The fol
copied

"Tmazalil and/or its metabolites were devoid of
genotoxic potential, when investigated for induction of
primary DNA-damage, gene mutations and chromosome
aberrations in a variety of in vitro and in vivo test
systems." (quoted from page 6 of the submission).

lowing "Conclusion and Assessment" and "References" was
from pages 6 and 7 of the submission.

)

Conclusion and Assessment

There is abundant experimental evidence to suggest that non-genotoxic liver
enzyme inducers may increase the incidence of hepatocytic tumors in rodents aftex
long-term administration of maximum tolerated and higher doses (Newberne et
al., 1987). Formation of liver tumors appears to be closely related to liver - -
enlargement; it does not occur at dose levels or exposures where the hepatoinegaly
is minimal or absent . For the mouse, in particular, there is a strong association
between liver hypertrophy and the development of liver neoplasia (Buttcrworth,
1990; Grasso et al., 1991). These events have been linked to proliferative stimuli
inducing enhanced replicative DN A-synthesis of “resting” hepatocytes (Goodman
et al., 1991). The mitogenic potential is stimulated further by cytotoxicity ar.d
liver cell necrosis which, by increasing cell turnover, may give rise to ,
compensatory hyperplasia terminating u@ﬂama (Grasso and Hinton, 1%%1).
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Imazalil preferentially and significantly increased the incidence of benign liver
tumors (hepatic neoplastic nodules) in male mice at 200 and 600 ppm, and in
female mice at 600 ppm. Survival was not affected by tumor development and the
tumors occurred only towards the end of the study period. The dose level of

50 ppm, corresponding to a daily intake of 8 mg/kg body weight in males and

10 mg/kg body weight in females, was a clear NOAEL.

Mechanistic studies conducted at the same dietary dose levels for one and three
months, identified 200 ppm as the maximum tolerated dose. At 200 ppm liver
enlargement and microsomal enzyme induction occurred, accompanied by
histological alteration of hepatocytes. At 600 ppm, hepatotoxicity was

and all parameters measured suggested that this dose level exceeded
the capacity of the hepatocytes to effectively eliminate or detoxify the chemical.
There was evidence of accumulation of imazalil in liver microsomes and inhibition
of initially induced P450-dependent enzyme activities resulted.

In mice, the toxicological data indicate a NOAEL at 50 ppm for hepatic effectsand -

an MTD for liver neoplasia at 200 ppm. At 600 ppm, excessive or pronounced
hepatotoxicity is exerted. Negative results were obtained in a spectrum of short-
term mutagenicity tests. A non-genotoxic threshold mechanism is postulated to
operate for the mouse liver tumors and there is no evidence that these effects are
of human relevance. Therefore, for the quantification of human risk, it is

appropriate to use a safety factor approach, and to base the factor to be detemm\ed
on all the safety data available.
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DATA EVALUATION REPORT

Study Type: 3-Month Oral Mechanistic Toxicity Study, Mice
(Non-Guideline Study)

Test Material: Imazalil Base (R 23979), Technical Grade

Tox. Chem. No. 497AB
PC Code No. 111901

MRID No.: 432226-01 (PART 1)
432024-02 (PART 2)
432024-02 (PART 3)
432024-02 (PART 4)

Testing Facility: Janssen Research Foundation
Beerse, Belgium

Sponsor: Janssen Pharmaceutica N.V.
Beerse, Belgium

PART 1 Three-month oral mechanistic toxicity study with
one month interim sacrifice in SPF Albino Swiss
mice with imazalil base (R 23979); Experiment No. 3140:
February 18, 1994; Reported by Department of
Toxicology; K. Van Deun, D.V.M. (Study Director)

PART 2 Study on the possible induction and/or inhibition of
hepatic drug metabolizing enzymes by imazalil in male
and female SPF Albino Swiss mice, after oral
administration through the food for one and three
consecutive months; Report No. R 23979/FK1600; February
11, 1994; Reported by Department of Drug Metabolism and
Pharmacokinetics; M. Vermeir (Study Director)

PART 3 Effects of three months of imazalil administration on
mouse liver microsomal protein and cytochrome P450
content, and testosterone metabolism; Report No.

R 23979/FK1600; February, 1994; Reported by Department
of Comparative Biochemistry; Gustaaf Willemsens
(Principal Investigator)

PART 4 Toxicokinetics of imazalil (R 23979) in SPF Albino

Swiss mice at the end of a 3-month oral mechanistic
toxicity study (Exp. No. 3140) with an imazalil-
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medicated diet at intended dose levels of 10, 40 or 120
mg/kg/day; Study No. R 23979/FK 1682; December 9, 1993;
Reported by Department of Drug Metabolism and
Pharmacokinetics; P. Sterkens (Study Director)

EXECUTIVE SUMMARY: In a 3-month oral mechanistic toxicity study
designed to study effects on the liver, Imazalil Base was
administered in the diet to 25 male and 25 female Swiss mice. for
3 months at nominal dosage levels of 0, 50, 200 or 600 ppm
(approximate doses of 0, 9.5, 38.6 or 115 mg/kg/day for males and
0, 11.3, 45.6 or 138 mg/kg/day for females, as adjusted for
actual achieved concentrations of about 83% of nominal).
Additional groups of 15 mice/sex/group were also given Imazalil
base in the diet at 0, 50, 200 or 600 ppm, but were sacrificed at.
1 month. The following parameters were evaluated: clinical
signs, body weights, food consumption, clinical chemistries (3
liver enzymes only), gross necropsy, organ weights,
histopathology (gall bladder and liver only), electron microscopy
of liver, liver microsomal protein and cytochrome P450 content,
liver enzymatic activities of 7 P450 isoenzymes, liver
testosterone metabolism and serum concentrations of Imazalil.

No treatment-related effects on mortality, clinical signs, body
weights, body weight gains or food consumption were observed. At
200 ppm, the following treatment-related effects were observed:
increased incidence of dark liver at gross necropsy in males,
increased incidence and severity of "centrilobular clearer
aspect" and of large and/or small vacuoles in the hepatocytes of
males and females, increased liver microsomal protein in males
and females, and increased microsomal cytochrome P450 content in
males and females. At 600 ppm, the following treatment-related
effects were observed: increased incidence of dark livers at
gross necropsy in males and females, increased absolute liver
weights and relative liver/body weight ratios in males and
females, increased incidence and severity of "centrilobular
clearer aspect" and of large and/or small vacuoles in the
hepatocytes of males and females, increased individual cell
necrosis in hepatocytes of males, increased diffuse swelling of
hepatocytes in females, increased liver microsomal protein in
males and females, and increased microsomal cytochrome P450
content in males and females. Electron microscopy revealed
increased numbers of lipid droplets in hepatocytes, which
corresponded with the increased vacuolization observed by light
microscopy, and a morphologically changed rough endoplasmic .
reticulum (RER) in the hepatocytes of 600 ppm males and females.
Regarding liver enzymatic activities of 7 P450 isoenzymes, dosing
with Imazalil at 200 ppm and 600 ppm significantly induced
certain enzymatic activities but also had an inhibitory effect on
other metabolic activities. At 600 ppm, the total activity of
testosterone hydroxylases was increased in both males and
females. Low levels of Imazalil were detected in the serum of
some males and females at 600 ppm only. _—
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The LOEL in this study is 200 ppm (38.6 and 45.6 mg/kg/day in
males and females respectively) and is based on increased
incidence and severity of histopathologic effects, increased
microsomal protein and increased microsomal cytochrome P450
content in the livers of both males and females. The NOEL in
this study is 50 ppm (9.5 and 11.3 mg/kg/day in males and females
respectively) .

This study was not classified in accordance with the Core Grading
System since it is a non-guideline study. ) -



PART 1

A.

'WERT INGREDIENT INFORMATION 1S NOT INGLUDFD

Purpose of- Study: "The purpose of this experiment was to
study the potential effects of imazalil base on liver-
morphology, =-enzymes and -metabolism when administered daily
orally to SPF Albino Swiss mice for a period of one and

three months." (quoted from page 13 of the study report)

Test Material: Imazalil Base (R 23979), technical grade.

Batch no. ZR023979G3A561, from Janssen chemical
manufacturing plant No. 3, purity not stated, Premix Batch
no. GGI-141. .

Test Animals: Mice, SPF Albino Swiss, males and females.

Description: from Charles River, France; approximately 10
day acclimation period; approximately 5-6 weeks old at
initiation of dosing; males weighed 29 + 1 g and females
weighed 22 + 1 g.

Environment: individual housing in macrolon cages;
temperature, humidity, air changes and
photoperiod were monitored (but not reported)

'Studz Design: Animals were assigned to treatment groups as

shown below. Animals were fed control or treated pelleted
diet for 3 months; interim kill animals (15/sex/group) were
sacrificed at 1 month. Feeding with test material was
initiated on September 13, 1993. The 1 month interim
sacrifice was on October 11-12, 1993 and the 3 month
terminal sacrifice was on December 13-16, 1993.

Dose Level of 3-Month Sacrifice 1-Month Sacrifice
Imazalil (ppm) Males Females Males Females
0 (veh cont)! - . 25 25 15 15
50 25 25 15 15
200 25 25 15 15
600 25 25 15 15

' 600 iim of unmedicated iremix (containing equal volumes

Dose levels employed in this mechanistic study, the method
of diet preparation and all other experimental parameters,
as much as possible, were identical to those employed in a
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previously conducted 23-Month carcinogenicity study in mice
at the same laboratory (MRID No. 429720-01).

At the 1 month interim sacrifice, 10/sex/group were

subjected to gross necropsy, organ weight determinations and
histopathological examination (PART 1) and also to the study
designed to assay liver enzymatic activities of several P450

"isoenzymes (PART 2). The additional 5/sex/group were used

to examine -the influence of Imazalil on testosterone - -
metabolism in the liver (PART 3). At the 3 month sacrifice,
20/sex/group were subjected to the PART 1 procedures, .
including 10/sex/group which were subjected to the PART 2
procedures, and the additional 5/sex/group were subjected to
the PART 3 procedures. 1In addition, at 3 months, serum
samples were analyzed for Imazalil concentration (PART 4).

Diet Preparation and Achieved Dosages: Test material was

incorporated into the feed as a 50% premix (50% imazalil and
50% of a mixture of equal partsh
Basic diet was Huybrechts powdered rodent feed. Diets were

then pelleted. Fresh diet was prepared once every month.
Homogeneity and stability analyses were satisfactory.

Concentration Analyses: Concentrations of test material in
the powdered feed were satisfactory. After pelleting,
however, concentrations of test material in the pellets
averaged about 83% of the nominal concentration.
Accordingly, in calculations for intake of test material
(see below), an adjustment of -17% was made by this
reviewer to account for this finding.

SHININT 0N S1 NOLLVRHOIN INEIqTIoNT TN

vy o

Intake of Test Material: For animals sacrificed at 1 month,
the intake of test material was calculated to be 11.1, 44.0
and 134 mg/kg/day for males and 13.6, 53.5 and 165 mg/kg/day
for females for the 50, 200 and 600 pPpm groups respectively.
For animals sacrificed at 3 months, the intake of test
material was calculated to be 9.5, 38.6 and 115 mg/kg/day
for males and 11.3, 45.6 and 138 mg/kg/day for females for ;
the 50, 200 and 600 ppm groups respectively. i

Quality Assurance and GLP Compliance: Signed statements
were included in the study report.

Observation and’Results:

1. Mortality and clinical Signs: No mortalities or
relevant signs of toxicity were observed in the male or
female animals given Imazalil for up to 3 months in the

diet.
5 )
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Body Weights and Body Weight Gains: No relevant
differences in body weights or body weight gains were

observed between male or female control animals and
animals of the same sex given Imazalil during the 3
month duration of this study.

Food Consumption: Considerable food wastage in all
groups, particularly in the Imazalil treated groups, _
obscured food consumption data. Considering the highly
variable wastage, no obvious differences in food
consumption between control groups and groups given
Imazalil were observed for either male or female

animals during the 3 month study.

Clinical Chemistries: The following 3 clinical
chemistry determinations were made on all 15 animals
sacrificed at 1 month and on all 25 animals sacrificed
at 3 months: alkaline phosphatase, aspartate
aminotransferase and alanine aminotransferase. Results
are presented in Table 1. Although alkaline
phosphatase was significantly increased in 600 ppm
males (p < 0.001) at 1 month, it was not significantly
increased in females at 1 month or in either sex at 3
months. Although alanine aminotransferase was
significantly increased in 600 ppm males (p < 0.05) and
in 600 ppm females (p < 0.01) at 1 month and in 600 ppm
males (p < 0.001) at 3 months, the increases were very
slight and not impressive. The increased liver enzyme
values at 600 ppm in both males and females are ngztﬂau13
treatment related.

Gross Necropsy: Gross necropsies were conducted on 10
mice/sex/group at 1 month and on 20 mice/sex/group at 3
months. Results are presented in Table 2. A
statistically significant increased incidence of dark
livers was observed in 600 ppm males (p < 0.001) and in
600 ppm females (P < 0.01) at 1 month and in 600 ppm
males (p < 0.001) and in 600 ppm females (p < 0.001) at
3 months. In addition, it is likely that a dark liver
observed in one 200 ppm male (not significant) at 3
months was treatment related. The increased incidences
of dark livers at 200 ppm in males and at 600 ppm in
both males and females are considered to be treatment
related.

Organ Weights and Organ/Body Weight Ratios: Mean organ
weights and organ/body weight ratios were determined
for the following organs on 10 mice/sex/group at 1
month and on 20 mice/sex group at 3 months: 1lungs,
spleen, liver, heart, pancreas, kidneys, brain, thymus,
adrenals and gonads. Results are presented Table 3.
Significantly increased absolute liver weights and
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liver/body weight ratios were consistently observed in
600 ppm males and females at 1 month and at 3 months.
The increased liver weights and liver/body weight
ratios at 600 ppm in both males and females are
considered to be treatment related.

Histopathology: The only organs examined by light
microscopy were the gall bladder and liver
(10/sex/group at 1 month and 20/sex/group at 3 months).
In addition to incidence data, observed lesions were
graded on a scale from 0 (no change) to 5 (severe
change). Results are presented in TABLE 4. No
treatment related effects were observed for gall
bladder. For liver, increased incidences of
"centrilobular clearer aspect" were frequently observed.
in 200 ppm and 600 ppm males and females at 1 month and
at 3 months. Mean severity scores were similarly
increased (oftentimes statistically significant).

Large and/or small vacuoles were also frequently
observed in the hepatocytes of 200 ppm and 600 ppm
males and females at 1 month and at 3 months. Mean
severity scores were again similarly increased (usually
statistically significant). Other probably treatment
related liver lesions were increased individual cell
necrosis in 600 ppm males at 3 months and diffuse
hepatocytic swelling in 600 ppm females at 3 months.
The above liver lesions at 200 and 600 ppm in both
males and females were considered to be treatment
related.

Electron Microscopy of Liver Cells: From the animals
sacrificed at 1 month, the livers of one control and
one 600 ppm male and one control and one 600 ppm female
were prepared and examined by electron microscopy. The
results indicated for the 600 ppm male and female an
increased number of lipid droplets in the hepatocytes,
particularly in the periportal areas. This increase
corresponded with the increase in hepatocytic
vacuolation previously described by light microscopy.
In addition, for hepatocytes showing a large number of
lipid droplets, the morphology of the rough endoplasmic
reticulum (RER) in these cells was different from that
in control animals. Rather than the RER being arranged
in parallel stacks of cisternae (normal architecture),
the RER in these cells appeared as small vesicles
diffusely spread over the cytosol.

" (765
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TABLE 1: Mean Clinical Chemistry Values for Mice Given Imazalil

in the Diet for 1 Month or 3 Months ®

1 Month
Dosage group ( pp® )
Hales : Females -
Parameter Vehicle S0 200 600 vehicle S0 200 600
---------------------------- ceenasccesonssnsscsssescatear st saccsnanrsasdesssassse eSS RSILSRSaSScSSSaSaTeESSSenae"
ALP: Alkal. phosphatase U/L 91 95 9% 123 wee 12 117 119 139
AST: Aspartate aminote. U/L s - 84 9 -] 98 110 113 s
| ALT: Alanine sminotran. U/l 3 3 35 38 30 35 k1 ASB."
‘ |
significance computed by Menmn-whitney U test (two tailed) : *P < .05 = p < .01 *** P <.000
3 _Months

| Dosage group ( ppm )

| Males females
Parameter [vehicle S0 200 600 vehicle S0 200 600

| ---------------------------- chesemacceesasccsmcsssarscessnmaanassasnases B e L L SR LS LR L L L

ALP: Alkal. phesphatase U/l | 58 53 S7 &5 86 102 s ”»
AST: Aspartate aminotr. U/L | 90 121 95 L] 115 126 1% 135

|
ALT: Alanine aminotrsn. U/L | S0 52 39 §2 wwe 36 3 34 &5

| |

Significance computed by Mamn-thitney U test (two tailed) : *P < .05 * P < 01 **P < .00

M pata copied from pages 43 and 44 of Study Report 3140
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TABLE 2:

Gross Necropsy Observations on Mice Given Imazalil in

the Diet for 1 Month or 3 Months ®

1 Month, Males

A ) ' . Dosage group ( pp; ) B s

Organ or tissue : observation ! Vehicle S0 200 400 [}
{ X/ N X/ M X/ N X/ N !
lencneaeacneencerincncccncanccaccanctesrcscrsacascnnsnonnsasness e # e e m e et e s e ettt et racaancme e et enaanann. ]
Kidney : dilated - L 2/10 0/10 4/10 3/10 !
Liver : dark !t 0/10 0710 0/10 9/1Q%e=
Liver : more pronounced lobulation ! 0/10 0710 0710 1710 ]
Lung : aspiration bleedings ¢ 0710 0/10 1710 0/10 [
Testis : small t  0/10 0710 0/10 1710 !
Urinary bladder (content) : mucus 1 0710 1710 140 0/10 '
1

Significance computed by Chi Square test (two tailed) : * P < .05 ** p < 01 #* p < 001

1 Month, Females

~ + This ocbservation is already included in the major ocbservation of this tissue

X : Number of pogitive animals
: Total number of animals

Organ or tissue : observation ! Vehicle
! X/ M
.................................................................. becmenmmnoan
Kidney : dilsted —_— 1 1710
Kidney : small !  0/10
Liver : dark 1 0/10
Liver : more pronounced lobulation 1 0/10
Ovary : cyst 1 1710
Overy : cyst, hemorrhegic, + L 1710
Pancreas : small ’ ) 1 0/10
Spleen : swollen !t 1710
Uterus : swollen R 't 1710
Uterus : swollen, content, watery, + . ! 0/10

brecacsnccnnonn
Dosage group ( ppm )
50 200 600
X/ N X/ N X/ W
0/10 0/10 0710 1
0/10 0/10 1710 1
0/10 0/10 8/10* 1
0/10 1710 0/10 t
2/10 1710 3710 1
1710 orto- 0710 '
1/10 0/10 0/10 t
0/10 0/10 0710 1
2710 2710 2710 :
1710 1710 0/10 1

Significance computed by Chi square test (two tailed)

(40}

:*P< .05 *™p< . 01 **p < 001

X : Number of positive animals
N : Totel number of animals

Data copied from pages 53 and 54 of Study Report 3140
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TABLE 2 (Continued): Gross Necropsy Observations on Mice Given
Imazalil in the Diet for 1 Month or 3 Months ®

3 Months, Males-

! § Dosage group ( ppm ) -t
! Organ or tissue : observation . ! vehicle 50 200 600 !
] 1 X/ N X/ N X/ N X/ N L
| ELTI LIS RE G a bt i bbb bbb bl St bk bbb aiab bttt i Proscncsessrnessttntesstomcaur R resshcinnsenneone ¢
! General : ocbesitas ! 1720 0/20 . 0/20 - 0720 ~ !
1 Heart : dilated 1 1/20 0720 0/20 0/20 1
1. Kidney : changed surface, rough t  0/20 0/20 1720 0/20 t
t Kidney : dilated i 5/20 /20 2720 5/20 '
1 Kidney : swollen 1 0/20 0/20 1/20 1720 1
! Liver : dark 1 0/20 0/20 1720 11720%* !
! Liver : more pronounced lobulation t 0s20 0/20 0/20 1720 !
1 Liver : swollen ! 0/20 0/20 0/20 1720 '
t Lung : aspiration bleedings 1 2720 0720 1720 0/20 '
! Lung : nodule, white t° 0720 0/20 1720 0/20 !
1 Spleen : small ! 0720 1720 - 0/20 1720 '
1 Testis : focus, hemorrhagic ¥ 0/20 1/20 0720 0720 !
¢ Ureter : dilated 1 0/20 0/20 1720 0/20 '
t Urinary bladder (content) : mucus 1 2/20 0/20 0/20 0720 [}
! Urinary bladder : content, mucus t 1720 1720 0/20 - 1720 !
' 1

3 Months, Females

1 Dosage group ( ppm ) !

]

! Organ or tissue : observation 1 vehicle 50 200 600 1
! { X/ N X/ N X/ N X/ N H
fecemmmmecscescsnomesassessosmeeccsincenonmacassnsmasasssaeenenaane PO, comstesosssseenasnnrnananasasssmnene '
! Abdominal mesothelia : nodule, hemorrhagic { 0/20 1720 0720 0/20 '
1 Adrenal gland : cyst, hemorrhagic 1 0/20 1720 0/720 0720 !
! Adrenal gland : swollen ' {  0s20 1720 0/20 0720 !
t Kidney : dilated 1 0/20 0/20 0720 1720 !
t Liver : dark 1 0/20 0720 0/20 12/720%*
! Liver : more pronounced lobulation 't 0/20 0/20 0720 17720 1
f Lung : aspiration bleedings 1 0720 0/20 1720 1720 !
! Lung : nodule, white t  0/20 1720 0/20 0720 '
! Lymph node(s) : swollen ' 1720 1720 0/20 0/20 '
! Ovary : cyst 1 2720 4/20 5/20 5/20 '
1 Ovary : cyst, hemorrhagic, <+ 1 1720 2/20 2/20 0/20 t
t Ovary : swollen ! 0/20 1720 0/20 0/20 '
! Spleen : suwolien 1 0/20 1720 0/20 0/20 ]
! Uterus : swollen 1 1/20 1720 4/20 4720 ]
! Uterus : swollen, content, watery, <+ 1 1720 0/20 0/20 2/20 1
(]

significance computed by Chi square test (two tailed) : *P < .05 ** P < .01 ***p < .001

+ This observation is already included in the msjor observation of this tissue X : Number of positive snimals
’ H : Total mumber of animals

® pata copied from pages 55 and.56 of Study Report 3140
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TABLE 3 (Continued): Mean Organ Weights and Organ/Body Weight
Ratios for Mice Given Imazalil in the Diet for 1 Month
or 3 Months ®

3 Months
Dosage group ( pp= )
Males . Females
Parameter Vehicle 50 200 600 Vehicle 50 200 600
---------------------------- ebocsnsmsnccnevonnn .o L D LT T LT
WGT: Body weight g &b &2 42 &2 29 30 30 30
LNG: Lungs g 329 326 337 315 264 n 2n 275 -
mg/ 100 g 755 769 ~8 751 . 914 919 916 921, _
SPL: Spleen ng 109 109 109 104 112 126 m 114
mg/ 100 g 20 57 258 248 387 420 3 382
LIV: Liver g 2362 2201 * 2307 2697 wwe 1551 1561 1585 1784 »*
mg /100 g 5399 5192 5487 6413 wwe S347 5266 5332 5068 e
| HRT: Heert ng 193 193 - 199 196 150 151 149 156
mg / 100 g (7% 458 Q73 .- 466 520 . 513 S0S 53
PNC: Pancress ng 1374 448 436 422 . 388 39 73
mg /100 g 1020 1060 1036 1004 1347 1309 131 1248 =
KDH: Kidneys mg | . 675 612 704 672 390 406 413 417
mg / 100 g 1546 1590 1672 * 1600 1354 1375 1397 1396
| BRM: Brain - »g 506 so7 508 509 ) 499 L96 51 512
mg /100 g 1158 1201~ 1210 ° 1215 Y739 B TR b ) R 4 ) 4
THY: Thywmus mg 42 0 3%t 37 38 38 3% 40
mg /100 g o7 92 8 * 88 132 129 133 135
ADR: Adrerais ng 8 7 7 7 12 13 13 12
| mg /100 g 18 17 17 18 42 &5 &3 40
| .
GON: Gonads »g 59 274 2 2n &7 & 43 b
mg /100 g 596 649 664 645 165 166 - 161 148

i ixziaas
Significance computed by Marm-Vhitney U test (two tailed) : * P < .05 ** P < .01 *** p < 001

) pata copied from page 49 of Study Report 3140
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TABLE 4: Selected Liver Histopathology for Mice Given Imazalil

in the Diet for 1 Month or 3 Months

1 Month, Males

Observation

Control 50 ppm 200 ppm 600 ppm
No. examined 10 10 10 . 10 - -
Reticuloendo- 3 2 2 3
thelial system (0.30)@ (0.20) (0.20) (0.30)
aggregates
Centrilobular 1 2 4 10
clearer aspect (0.10) (0.20) (0.40) (1.00) ***
Diffuse 0 0 0 0
hepato swelling (0.00) (0.00) (0.00) (0.00)
Focal necrosis 2 0] 1 3
(hepatocytes) (0.20) (0.00) (0.10) (0.40)
Individual 0 2 , 0 1
cell necrosis (0.00) (0.20) (0.00) (0.10)
Large vacuoles 0] 0] (0] 6
(hepatocytes) (0.00) (0.00) (0.00) (0.60) **
Prominent 2 2 1 1
Kupffer cells (0.20) (0.20) (0.10) (0.10)
Small vacuoles 0 OV 8 10
(hepatocytes) (0.00) (0.00) (0.80) *** (1.00) ***

() Incidence (no. with effect/no. exam.); not statistically

analyzed

(2) Mean severity score (max. score
examined) ; statistically analyzed

* p < 0.05;

** p < 0.01;

*%% p < 0.001

= 5; based on all animals
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TABLE 4 (Continued):

Selected Liver Histopathology for Mice

Given Imazalil in the Diet for 1 Month or 3 Months

1 Month, Females

Observation

200 ppm

Control 50 ppm : 600, ppm-
No. examined 10 10 10 10
Reticuloendo- 2M 2 4 : 0 ,
thelial system (0.20)®@ (0.20) (0.50) (0.00)
aggregates )
Centrilobular 2 1 8 7
clearer aspect (0.20) (0.10) (0.80) ** (0.70) *
Diffuse 0 0 0 0
hepato swelling (0.00) (0.00) (0.00) (0.00)
Focal necrosis 0 0 0 0
(hepatocytes) (0.00) (0.00) (0.00) (0.00)
Individual 1 1 0 0
cell necrosis (0.10) (0.10) (0.00) (0.00)
Large vacuoles 0 0 0 3
(hepatocytes) (0.00) (0.00) - (0.00) (0.30)
Prominent 3 1 3 5 -
Kupffer cells (0.30) (0.10) (0.30) (0.50)
Small vacuoles 5 3 8 10
(hepatocytes) (0.50) (0.30) (1.00) (1.70) **

M Incidence (no. with effect/no. exam.); not statistically

analyzed

(@ Mean severity score (max. score = 5; based on all animals

examined); statistically analyzed

* p < 0.05;

*k p < 0.01;

*#%x* p < 0.001

. (7D
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TABLE 4 (Continued): Selected Liver Histopathology for Mice
Given Imazalil in the Diet for 1 Month or 3 Months

3 Months, Males

Observation Control 50 ppm 200 ppm 600 ppm-

No. examined 20 20 20 _ 20
Reticuloendo- g | 13 14 13
thelial system (0.40)® (0.65) (0.75) * (0.65)
aggregates ’

Centrilobular 8 10 8 . 14
clearer aspect (0.40) (0.50) (0.40) (0.70)
Diffuse 0 0 0 1

hepato swelling (0.00) (0.00) (0.00) (0.05)
Focal necrosis 0 1 0 2
(hepatocytes) (0.00) (0.05) (0.00) (0.10)
Individual 0 3 3 7

cell necrosis (0.00) (0.15) (0.15) (0.35) **
Large vacuoles 1 0 7 14
(hepatocytes) (0.05) (0.00) (0.50) * (1.05) ***
Prominent 0 4 3 4 -
Rupffer cells - (0.00) (0.20) * (0.15) (0.20)%*
Small vacuoles 4 6 15 20
(hepatocytes) (0.20) (0.30) (0.80) *%* (1.70) ***

() Incidence (no.-with effect/no. exam.); not statistically
analyzed

(2) Mean severity score (max. score = 5; based on all animals
examined) ; statistically analyzed :

* p < 0.05; ** p < 0.01; *** p < 0.001
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TABLE 4 (Continued): Selected Liver Histopathology for Mice
Given Imazalil in the Diet for 1 Month or 3 Months

3 Months, Females

Observation : Control 50 ppm 200 ppm 600 ppm
No. examined 20 20 20 20 -
Reticuloendo- 13 9 8 : 7
thelial system (0.65) @ (0.45) (0.40) (0.35)
aggregates ‘

Centrilobular 0 1 4 11
clearer aspect (0.00) (0.05) (0.20) * (0.55) %%*
Diffuse 0 0 0 3

hepato swelling (0.00) (0.00) (0.00) (0.15)
Focal necrosis 1 2 1 0
(hepatocytes) (0.05) (0.10) (0.10) (0.00)
Individual 0 0 2 1

cell necrosis (0.00) (0.00) (0.10) (0.05)
Large vacuoles 0 0 6 15
(hepatocytes) (0.00) (0.00) (0.30) ** (1.05) **%
Prominent 3 6 2 1
Kupffer cells (0.15) (0.30) (0.10) (0.05)
Small vacuoles 14 17 16 20
(hepatocytes) (0.70) (0.90) (0.80) (1L.65) ***

M Incidence (no. with effect/no. exam.); not statistically
analyzed

() Mean severity score (max. score = 5; based on all animals
examined); statistically analyzed

* p < 0.05; *%* p < 0.01; *** p < 0.001



PART 2 (Liver Enzymatic Assays)

A.

Materials and Methods:

1. Samples of livers from male and female mice from the
PART 1 1-month interim sacrifice (10/sex/group) and the
3-month terminal sacrifice (10/sex/group) were
collected and stored frozen until used for the
preparation of microsomal suspensions by standard -
procedures (described on pages 9-10 of the study
report). Liver samples from 2 mice were pooled in
order to prepare 5 microsomal suspensions per group.

2. The following analytical procedures were subsequently
performed on each microsomal suspension (details
described on pages 10-15 of the study report).
Appropriate assay validation procedures using
microsomal preparations from non-induced rats and from
rats pretreated with inducers belonging to specific
cytochrome P-450 inducer classes were performed
concurrently for each analytical procedure.

a. microsomal protein content
b. cytochrome P-450 content
c. microsomal enzymatic activities

- aniline hydroxylation

- N-demethylation of N-ethylmorphine

- 7-ethoxyresorufin O-deethylation

- 7-pentoxyresorufin O-dealkylation

- lauric acid hydroxylation

- 7-ethoxycoumarin O-deethylation

- UDP-glucuronosyltransferase towards 4-:
nitrophenol '

Results: The results for mice sacrificed at 1 month are
presented in TABLE 5 and for mice sacrificed at 3 months in
TABLE 6 (both tables copied from the study report). The
following was also copied from the Abstract for PART 2 (page
1 of Report no. R 23979/FK1600).

The relative liver weight and the hepatic protein and cytochrome P-450 contents were
significantly increased in a dose-dependent way in both male and female mice after one
and three months treatment with imazalil. Treatment with imazalil for one month also
induced the N-ethylmorphine N-demethylase and 7-pentoxyresorufin O-dealkylase
activities, whereas the aniline hydroxylation and 7-ethoxyresorufin O-deethylation were
decreased in both male and female mice. After dosing for three months, the '
N-ethylmorphine N-demethylation was virtually not affected, and the aniline
hydroxylation, 7-pentoxyresorufin O-dealkylation, lauric acid hydroxylation and
especially the 7-ethoxyresorufin O-deethylation were decreased for both sexes. The
7-ethoxycoumarin O-deethylation was induced in males after one month dosing, and
both in males and females after three months dosing. The UDP-glucuiériosyltransferase
activity was not affected in male mice, and slightly induced after one month treaiment and
inhibited after three months treatment in female mice. ) )

o (1715)

Qélo



. RIN 3394-95

IMAZALTL PEER REVIEW PACKAGE

'.Page : is not 1ncluded in this copy.

:Pages IZOﬁ} through f;é are not 1ncluded.

The material‘,not Ainciuded 'cohtains the following type of
1nformatlon.- ' : : : . - .

~Ident1ty of product 1nert 1ngred1ents.

- Identlty of product 1mpur1t1es.

' Descrlptlon of the product manufacturlng process.
Descrlptlon of quallty control procedures.
4Ident1ty of the source of product lngredlents.
Sales or other commerc1a1/f1nan01al lnformatlon..

| A draft product label: e f=¥~-

The product confldentlal statement of formula.
Informatlon,aboutfa pending registration actlon.'

{/  FIFRA registration data.
The document is a duplicate of page(s)

The document is'not“responsive to the request.

The information not included is generally considered confidential
- by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.




PART 3 (Liver Testosterone Metabolism)

A.

Materials .and Methods:

1. Samples of livers from male and female mice from the
PART 1 l1-month interim sacrifice (5/sex/group) and the
3-month terminal sacrifice (5/sex/group) were collected
and stored frozen until used for the preparation of
microsomal suspensions by standard procedures . -
(described on pages 33-34 of the study report). Five
microsomal suspensions per group (l/mouse) were
assayed. :

2. The following analytical procedures were subsequently
performed on each microsomal suspension (details
described on page 34 of the study. report).

a. microsomal protein content
b. cytochrome P-450 content
c microsomal enzymatic activities
- 9 separate assays for P450-dependent regio- and
stereoselective hydroxylations of testosterone

Results: For mice sacrificed at 1 month, 600 ppm imazalil
in the diet increased the liver microsomal protein content
per gram of liver 2.2- and 2.0-times in males and females
respectively. Also, the liver microsomal P450 content,
expressed as nmol/mg protein, increased 2.3- and 1.6-times
in males and females respectively. The results for
testosterone metabolism are presented in TABLE 7 (table
copied from the study report). At 600 ppm imazalil in the
diet, the total activity of testosterone hydroxylases was
increased 1.9- and 1.5-times in males and females
respectively. No effects were seen in mice dosed at 50 or
200 ppm.

For mice sacrificed at 3 months, 200 ppm imazalil in the
diet increased the liver microsomal P450-content, expressed
as nmaol/mg protein, 2.1-fold in females. At 600 ppm, the
liver microsomal protein content per gram of liver increased
1.7- and 1.5-times in males and females respectively. Also,
at 600 ppm the liver microsomal P450 content increased 1.8-
and 2.4-times in males and females respectively. The
results for testosterone metabolism are presented in TABLE 8
(table copied from the study report). At 600 ppm, the total
activity of testosterone hydroxylases was increased 1.8- and
2.0-times in males and females respectively. No effects,
other than increased P450 content in females at 200 ppm,
were seen in mice dosed at 50 or 200 ppm.

22
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PART 4 (Imazalil Levels in Serum)

A.

Materials "and Methods: Samples of serum from male and
female mice from the PART 1 3-month terminal sacrifice
(20/sex/group) were pooled and analyzed for imazalil
concentration by gas chromatography (quantification limit of

1.0 ng/sample).

Results: The results are presented in TABLE 9 (copied from
the study report). At 50 ppm and 200 ppm, concentrations of

imazalil in the serum of both males and females were at or
below the level of detection (i.e. < 1.0 ng/sample). At 600
ppm, imazalil was detected in the serum of some males (up to
2.8 ng/sample) and in that of some females (up to 3.3
ng/sample). ’

TB194:IMAZALO2.074
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M g UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

\f WASHINGTON, D.C. 20460
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OFFICE OF -
PESTICIDES AND TOXIC SUSSTANCES

MEMORANDUM

SUBJECT: Imazalil - Dose Selection for Mouse Oncogenicity Study. Submitted
by Janssen Pharmaceutica by Fax on April 7, 1989.

Tox. Chem. No.: 497AB

TO: Susan Lewis
Product Manager #21 ,
Registration Division (H7505C)

FROM: Judith W. Hauswirth, Ph.D., Chief Qudisée o Mo urtatho
Toxicology Branch I - IRS 4/2¢/89
Health Effects Division (H7509C)

THRU: William L. Burnam, Acting Director b’;yﬁ
Health Effects Division (H7509C) f/r /CH

The registrant has sent a desk copy of a recently completed 90 day mouse study
on imazalil to aid in the dosage selection for an oncogenicity study.
Subsequent to this submission, Dr. H. J. van Cauteren of Janssen Pharmaceutica
in Belgium called to discuss the study and to set appropriate dosage levels for
the oncogenicity study. This telephone conversation tock place during the week
of March 20, 1989. He then faxed his version of this conversation to this
reviewer along with his proposed high dosage level for the mouse study (A copy
of the faxed material is attached for information).

Dr. van Cauteren proposed a high dose of 600 ppm for the oncogenicity study.
Toxicology Branch I agrees to this dosage level based upon depressed body
weight qain seen in males and females at 800 ppm in the 90 day range finding
study. The percentage body weight decrement at this dosage level was by
Toxicology Branch's calculations 30% in females and 25% in males. The differ-
ences in body weight gains were statistically significant at several time
points during the 90 day study for females but not for males. Toxicology
Branch notes that although the food consumption table in the report indicates
that the dosed groups ate more than the control group, the report states that
food wastage was a problem in this study. We also note that the mice were
housed 2-3 per cage which could have contributed to wastage. The report
further states that there could have been a palatability problem with the
treated diet. Based upon the values given in the table for food consumption,
it is difficult to determine whether this was a problem. We urge that csre
be taken in the long term study to determine whether there is a palatability
problem at 600 ppm.

Other effects seen at 800 ppm in the range finding study were hepatocellular



vacuolar degeneration, a decrease in albumin, phospholipids, and total
bilirubin in males and females and a decrease in AST in females only.
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TELEFAX - No,.703-5570233
TELEPEONE NUMBER: 703-5577397

TO: Dr. Judith W. HAOSWIRTH - Arlington VA 22202 - U.S.A.
FROM: Dr. H. Van Cauteren - Janssen Pharmacentica - Belgium
DATE: Apcil 7, 1989 ) )
SUBJ.: Imazalil

Dose levels for mouse carcinogenicicy study

Dear Dr. Hauswireh,

RBelwsiing to correspondence dated March 8, 1989, from Bi{ll Goodwine to
you, a desk copy of a subchronje feeding study ian mice (Exp.2020,
December 2. 1988) was submitted for feview and cooment.

Subsequently, we spoke by pbone and agreed that the finding, with cregard
to MID, supported a high dose between 400 ana 300 ppm.

Please find below, oy dose level suggestions and juscificarion for the
24-month mouge carcigogeaicity study.

Protocol

In general, the protocol of this Mouse carcinogemicity study will be
fully compliant with the EPA guidelines (1984). More specifically, we
will neet the criteria of the test procedures with regard to age (S weeks
at start), sex and number of mice (50 males and fenales/group), clinical
observations (daily, weekly), measurements of body weight aad of food
consumptioa (weekly, monthly), clinjcal patbology (at 12 and 18 months
aad termically), gross Becropsy (iaclading organ weights in terminal
animals), ana histopathology.

&outa of_adminisrration and dose_level_ selection
Imazalil will be admixzed igto the diet at levels of 50, 200 aad 600 ppa.
These levels bave been selected based upoa the following:

- Fifty ppm is an 3ppropriate low dose since it is estimated to be a
uo~-toxic effect level (NOEL). This level is in the same ocrder of
magnitude as the mediogm dose of the previously conducted mice
carcimogenicity stady (25 ppm in the drinking water is approxinmately
equivalent to 50 ppm into the feed assuming mice drink about the double
of the dry feed they consume).

- As an igtermediate dose, 200 ppm will be used. Tt i3 estimated to be at
the borderline of toxicity based upon a 3-month dose raage fiading
study (Bxp.No.2020) wheceby dosiaog at 200 ppm resulted iz slightly
decreased aspartate amigotransferase, cholesterol and phospholipid
values in the serum of females and ia & vacuolar degeameration in the
liver of males. This dose level also falls in the same order of
woy i binde wf e TIgh doae 0f (e previnuvly candurren mine
Ou.il‘”li.l‘.ﬁ? stwdy (100 PPAM {1 the da‘;ukiig wale. ia cyytu&;ul.'ly )]q
equivalent to 200 ppm into the diet). (/7;;%/“‘



- The high dose will be 600 ppm. In a 3-month dose Tasge findiag study
(Exp.2020), dosiag at 400 Ppm resulted in toxicicy which was

total bilirubin ang Phospholipids ia males and decreaseg of cholesterol,

swvelling)., These effects were also, but Mmore promounced, preseat at 800
ppm. Iz additiom, the ljver weight was increased and macroscopically
shoved a swollen agd dark aspect at this dose. In females, dosing at

are toxic with cholesterol and lipid metabolism and the liver as
poteatial targets,

Siace it coald not be fully excluded that Survival might aot be
adversely affected at 800 PPm, it was decided to select 600 ppm as the
intermediate between 400 and 800 ppm.

Prior to igitiating the study, we would like to receive verification,
from you, that the subchronic feeding study (Exp.2020) bas beea reviewed
and supports the proposed doege lcvels. Bill SUg9ested that you mighe

- bandle this by Vay of an Iaternal Memorandum to the Registratian
Uivisevu, will ¢ cupy razea to Janssen, U.S.A. at (201 524-9895,:0 that

W8 mAYy proreed with our plamo ee initlatle e >ludy lacer tnis moaes.
Alternatively, we would be MOSt grateful to receive a letter directly
from you om this matter by way of facsimile. We will leave it up to you
to follow the best route.

I will ask Bill Googdwine tg follav-1p rhis Tarter within the sews weel.

Siocerely,

(hvomconcaurune

Herman Vag Cautogeh
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food consumption from days 6-16 gestation.

Developmental NOEL = 40 mg/kg. Developmental LEL = 80 mg/kg, based on
decreased fetal weights; in addition at 120 mg/kg decr. litter size and
reduced number of live fetuses. Increased rudimentary ribs and resorbed

Lab

fetuses.
83-3(b) \ Imazalil sulphate 98)2- 425936-01| Imazalil sulphate (98.1-100% pure) was admin. by gavage groups of 15 Suppl ementary
Developmental Toxicity § 100% pure; batch# ZR0Q7/ pregnant albino rabbits at levels of: 0, 5, 10 or 20 mg/kg/day during 010581
Species: rabbit 80 PUA 631 gestation days 6-18.

Maternal NOEL = 5 mg/kg/day. Maternal LOEL = 10 mg/kg/day, based on
decreases in body weight gain. Death occured at 20 mg/kg/day.
Developmental NOEL = 5 mg/kg/day. Dev. LOEL = 10 mg/kg/d, based on
increased resorptions. Core Supplementary - Upgradeable.

Janssen Pharmaceutica Res.\ Lab
2615; 05727792
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~ Fundamentals on the absorption of Imazalil base and imazalil salts are described
in the statement “On the pharmacokinatics of imazalil base and its various salts
in mammals®, prepared by Jos Heykants in May 1979. He argued that the salt
form of imazalil has no or little influence on the pharmacokinetics of the -
substance. Orally administered imazalil is solubilized by protonation in the acid
stomach (pH 2 to 3). The salts will dissolve and dissociate in the gastric juice
giving protonated imazalil and the anion, this is sulphate In the case of imazalil
sulphate. Upon passing from the stomach to the small intestine, the pH increases
and protonated imazalil will be gradually neutralised to undissociated base,
which can be absorbed. The small intestine thus is the principal site of
absorption.

The dissociation in the stomach saparates imazalil from the sulphate anions.
From then on both entlties behave Independently. Sulphate is a normal
constituent of the diet. It takes part in important biochemical pathways, for
example in the metabolism of the sulphur-containing amino acids cysteine and
methionine, by actlvation with ATP to APS (adenosine 5’-sulfatophosphate) and
PAPS (adenosine 3'-phosphate 5'-sulfatophosphate; “active sulphate”), which in
turn Is of Importance for the sulfation reactions facilitating the elimination of
endogenous or xencbiotic substances from the body. Orally ndministered
sulphate is absorbed In the gut by carrier transport. Sulphate is found in serum
at concentrations in the mM-range (millimol per litre) depending on the animal
species. The serum concentration is regulated by the kidneys, urine being the
main route of elimination. A general overview of the behaviour of sulphate is
given in the included reference (G. |. Mulder: Sulfate availability in vivo. Chapter
3 in Sulfution of Drugs and Related Compounds (C. J. Mulder, ed.), CRC Press
Inc., Boca Raton, Florida, 1981, page 31 to 52).

Dr. 6 Van Leemput
Department of Pharmacokinatics
Janssen Research Foundation

3/27
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32 Sulfation of Drugs and Related Compounds

I. INTRODUCTION

Sulfate availability to the organism may limit the role sulfation may play. In this
chapter the various mechanisms by which sulfate is provided to the cell will be briefly
discussed. In the next chapter the activation step, required for the synthesis of the donor
of the sulfate group, adenosinc 3'-phosphate 5'-sulfatophosphate (PAPS), will be
discussed. Where possible, recent reviews will he referred to so that further information
may be obtained from these sources.

Basically, there are two primary sources of inorganic sulfate: absorption of this anion
from the gut and oxidation of the amino acid cysteine. Under some conditions,
however, catabolism of sulfated macromolecules, espccially glycosaminoglycans, may
also provide inorganic sulfate.! Another possible route of administration is the
absorption of inorganic sulfate from the airways, when it is applied as a spray.? In the
isolated perfused rat lung it is rapidly absorbed after intratracheal administration, and
causes bronchoconstriction due to local histamine release.

In some species inorganic sulfur may be converted by the microflora in the intestine to
inorganic sulfate;* this occurs, for instance, in ruminants, but not in man or the rat and
most other laboratory species.

. ABSORPTION OF INORGANIC SULFATE FROM THE GUT

It would be expected that a primary source of inorganic sulfate in the body would be
intake with the food and subsequent absorption from the gut. However, in many
pharmacological handbooks the belief is expressed that inorganic sulfate salts tend to be
absorbed minimally and hence, add water to the bowel, thus leading to diarrhea.?
Martindale's Pharmacopoeia® states that sodium sulfate is ““poorly absorbed from the
gastronintestinal tract.” This poor absorption is believed to explain the cathartic effect
of oral administration of inorganic sulfate salts. Yet, the available data show that
inorganic sulfate is excellently absorbed after oral administration, in spite of the
supposedly poor membrane-permeating properties of this anion,? Therefore, the above
explanation is apparently incorrect.

In the beginning of this century a strong controversy existed between those who
contended that sulfate for sulfation only arose from sources other than absorbed
inorganic sulfate (the sulfur-containing amino acids, for instance), and those that tried
to prove that also inorganic sulfate in the food was available for sulfation.® At that time,
of course, it was hard to prove that orally administered inorganic sulfate was used for
sulfation, since no radioactive sulfate was available. Later it was shown that
[#S])-labeled inorganic sulfatc was absorbed from the intestinal tract, and was
incorporated into many endogenons and exogenous substances.®

Onc of the first papers that conclusively showed absorption of inorganic sulfate and
its utilization for sulfation of drugs was published in 1931 by Hecle.* When he fed his dogs
Patsy and Pansy nonradioactive inorganic sulfate, he mcasured a great increase in their
urinary output of sulfate; upon addition of phenol, by stomach tube, the amount of free
inorganic sulfate in urine decreased, and it was replaced by a big increase in the amount
of ethereal sulfate, presumably phenyl sulfate. Similar results were obtained with indole
showing that it was converted in vivo (inter alia) to indoxyl sulfate.

One of the problems at that time was the quantitative deteunination of inorganic
sulfate and sulfate esters. Free inorganic sulfate was usually precipitated by barium
chloride, and sulfur was determined in the precipitate. Total sulfur (without barium
chloride precipitation) was also determined in the sample; subtraction yielded organic,
presumably esterified, sulfur. This metho, course, gives inaccurate data because

b
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several other sources of sulfur (¢.g., mercapturates) are measurcd as cthereal sulfate.
Yet Hele's findings® however, were fairly conclusive, and indicated that inorganic
sulfate was absorbed from the gastrointestinal tract in the dog. He found that about 22
to 66% of the sodium sulfate administered (0.8 mmol/kg daily) was utilized for synthesis
of pheny! sulfate or indoxyl sulfate.

The first use of radiolabeled sulfate was reported in 1937.** Radioactive sodium
[**$)-sulfate was administered orally to a human volunteer, and urine was collected for
several days. Of the dose of sodium sulfate (6.3 mmol) 15% was recovered within 9hr,
in the urine and a further 32% in the following 15 hr. This clearly showed that sodium
sulfate was absorbed to a high degrcc, Much later, Bauer '* showed the same for a tracer
dose of [3S]-sulfate that was administered orally to fasted volnnteers (Figure 1). Eighty
percent or greater was recovered in the 24-hr urine. Sixty to onc hundred min after oral
administration, [>S]-sulfate attained equilibrium and achieved a plasma concentration
equivalent to the intravenously administered tracer. This again proves rapid and almost
complete absorption of a low dose of inorganic sulfate from the gut in man.

After the second world war more work with radiolaheled [**S)-sulfate was reported,
and it was firmly established (although not always accepted)'? that inorganic sulfate fed

to animals, was available in the body for incorporation into endogenous and exogenous

substances. Within 24 hr, for instance, Dziewiatkowski'* recovered morc the 70% of
the oral dose of sodium [**S}-sulfate (1 mmol/kg) in the urine of the rat. Morrow et al.?
recovercd 41 to 64% of a tracer dose of sodium sulfate in urine within & hr after oral
administration to 24 hr fasted cats; similar findings were obtained in an intestinal loop in
situ. In the rat, [2*S]-labeled sodium and calcinm sulfate were absorbed from the gutto a
high degree:'V in feeding expcriments the sulfates were administered with the food at
two levels, 0.10 and 0.42% (w/w), and 60 to 80% of the sulfate salts was absorbed.
Subsequently, [**S]-radioactivity was excreted in urine, or incorporated into
endogenous compounds such as glycosaminoglycans in cartilage. Thesc results
confirmed the absorption of sulfate from the gut. A difference observed between the
rats fed calcium sulfate and sodium sulfate'? may be fictitions, since both dicts contained
caleium carbonate, and ionization in the stomach would yield both salts. Using
unlabeled sulfate, Wellers'® found a similar increase in the urinary output of inorganic
sulfate after adding sodium sulfate to the food of rats.

In sheep, a rapid and fairly complete absorption of a tracer dose of sodium [*§)
sulfate was obscrved.®® The radioactivity reached a peak in the plasma at 6 hr, and
appro:cimatcly 75% was excrcted in urine. In baby pigs, more than 60% of the dosc was
recovered in urine M2

More detailed measurements were performed in adult pigs by Berry et al.®® They

studied absorption, excretion, placental transfer, and maternal-fetal tissue distribution
of (presumably) a tracer dosc of [*3§]-labeled sodium sulfate. The swine (gilts and
barrows) were placed in metabolism crates, and blood, nrine, and feces were collected.
At the end of the collection period the animals were slaughtered and the tissue
distribution of the radioactivity was determined. A peak in [**§]-radioactivity in serum
was found about 2 to 3 hr after an oral dose (Figure 1). Within 48 hr about 50% of the
radioactivity had been ¢xcreted in urine; after intravenous (i.v.) administration, this
was about 60%. Less than 2% had been excreted in feces after 48 hr, indicating almost
complcte absorption.

Similar expcriments were done in dogs™ that were dosed orally with ammoninm
sulfate (about 0.5 to 1.0 mmoVkg). The plasma sulfate concentration, determined 3%2
hr after administration, had increased from 1.4 mM in controls to 2.2 mM after
ammonium sulfatc administration. At the same time there was a strong increase in the

. urinary output of inorganic sulfate. Within 4 hr about 50% of the dose had already been

absorbed fruin the gut; the remainder w

still in the intestine.
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FIGURE 1. Absanrption of a tracer dose ol [S]-labeled sodium
sulfate after oral administration in man, rat, and swine: plasma
concentrations of radloactivity, The data for man!? (6 - 0); for swine®
(8t —~ M); and for the vat® (@ ~ @). The highest value in each sct of
data has been taken to be 100, and the other values wers caleuluted as
percentage of this. The tracer dose was administered omlly at t = 0,

In man, Meier and Schmidt-Kessen? also observed a rapid absorption of an orally
administered mixture of (unlabeled) sodium-, magnesium-, and calcium-sulfate given
in a total dose of 15 mmol (5 mmol of each salt). Their data suggest that the greater part
of the dose is absorbed and ultimately excreted in urine in agreement with the results of
Bauer."

Finally in the rat, fairly complete data were obtained by Krijgsheld et al.?¢ In the
conscious, freely moving rat they administered various oral doses of sodium
[**S])-sulfate. At a relatively low dose (3 mmol/kg), over 80% of the radioactivity was
recovered in urine, indicating almost complete ahsorption of the dose, At a higher dose,
however, the recovery in urine decreased because of diarrhea, and sodium sulfate was
lost in the watery feces. Approximately 2 hr following oral administration, a peak in the
[**S}-concentration in plasma was found (Figure 1). When 8 to 15 mmolkg sodium
sulfate were given, the serum concentration of inorganic sulfate increased from the
normallevel of 0.8 mM 10 2.0 mM at the peak (Table 1). Interestingly, in control groups
that received isoosmotic doses of sodium chloride a decrease in the serum level of
sulfate was observed, for which as yet no explanation has been given. '

The results described above permit several conclusions to be drawn. First, sodium
sulfate and several other sulfate salts are rapidly absorbed from the gut in all species
studied so far; since biological membranes are helieved to be almost impermeable to
sulfate, at least by diffusion, this passage would presumably require a carrier (facilitated
diffusion?). The abserption of sulfate from the gut is almost quantitative, unless
diarrhea occurs, preventing absorption. The serum sulfate concentration may increase
two- to three-fold following oral administration of inorganic sulfate; further increases
will presumably be prevented by renal excretion (see below).

The cathartic effect of sulfate solutions is probably not the result of a lack of
absorption of sulfate from the gut. More likely however, the rapid transport of water
into the gut, which is more rapid that that of sulfate from the gut into blood, causes
accumulation of water in the gut, and thereby diarrhea.

Ammonia, calcium, potassium, and sodium salts of sulfate arc used as food additives,
The U.S. Food and Drug Administration (FDA) has proposed to give these food

additives a generally recognized as safe (GR%:’ The inorganic sulfate content
77
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‘Table !
EFFECT OF ORAL ADMINISTRATION O SODIUM SULFATE AND SODIUM
CHLORIDE ON SERUM SULFATE IN THE RAT

Serum sulfate

O:ally administered concentration (maf)

Nothing .77 = 0.0
Sodium sulfaie ’ -
0.5 mmol ) 1.34 = (.0
2.5 mmol 105 » 015
5.0 mmol 2.1 - 0.0
Sodium chloride -
0.15 mmol ) 0.66 = 0.0
2.5 mmol 0.57 + 0.02-
1.5 mmol 0.58 . 002

Note: The dose was administered i u volume of 2 m/ water to rats of 300.g body weight. Serum sulfats was
determined 2 hr after the administration of the dose ., by a turbidimetric method. Blood was withdrawn
under ether anaesthesia, The mean = S.E.M. for 6 rais per group is given.

2Significantly different from contro! at p < 0.005 (Wilcoxon's test).
*The same at p < 0.05.

From Krijgsheld, K. R., Frankena. H., Scholtens, E., Zweens. J., and Mulder, G. J.. Biochim. Biaph,vs.‘
Aciu, 580, 492, 1979. With penmission,

in most food products is unknown, presumably because it scemed of marginal
nutritional importance (but see Section V).

Ill. INTESTINAL CARRIER TRANSPORT OF INORGANIC SULFATE

Since the sulfate anion is not very lipid soluble, a carrier most likely is involved in the
transport of this ion across biological membranes as has been reported for erythrocytes
(see section VI). The first indication of such a carrier transport in the intestine was
reported by Deyrup in 1963, ** who found in vitro a sodium-dependent accumulation of
[**S]-sulfate in the lower ilcum of the rat. These findings were confirmed by Anast et
al.?® using the everted sac technique with intestine from rat, rabbit, and hamster. Their
results suggest that sulfate transport is energy-dependent, Dziewiatkowski’ confirmed
this in a study on the properties of the sulfate transport system in everted sacs from rat
intestine; metabolic inhibitors such as sodium azide inhibited the transport. Whereas
transport from mucosal side to scrosal side was highest in the ilcum, the reverse
transport was highest in the jejunum. Batt,* using mouse intestinal ring segments,
similarly observed highest activity of the carrier in the terminal ileurn of the adult
mouse. In the very young mouse sulfate transport was very active along the whole small
intestine and in the colon; 3 weeks after birth, however, the adult pattern had
cstablished itself, with the highest transport activity in the ilcum. No sex differences
were observed for sulfate transport. Prior hypophysectomy decreased the activity of the
sulfate carrier in the rat intestinal everted sac;* this could be counteracted by injection
of bovine growth hormone. The tate of transport in everted sacs from guinea pig
intestine was higher than that in the rat preparation.®

More evidence on the carrier-mediated sulfate transport in the intestine came from
work of Cardin and Mason.?? Using the evertec sac technique with rat lower ileum,
they observed that a concentration gradient of [*S]-sulfate was established across the
sac wall: the [**S]-concentration inside (serosa side) increased by as much as nine times

L9
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over the concentration outside (mucosa side) at low concentration of sulfate. At higher
sulfate concentrations (applied at the mucosa side) the gradicat was less steep; this
proved that sulfate accumulated against a concentration gradient. The apparent K, of
sulfate for the carrier was 0.4 t0 0.6 mM, and the transport was saturable, Between the
gut tissue and the solution inside in the sac there was no sulfate concentration gradient,
indicating that sulfate could freely diffuse, once it had passed the mucosa cells. The
sulfate transport was inhibited competitively by chemically related anions such as
molybdate, tungstate, selenate, thiosulfate, and sulfite. Conversely, the transport of
molybdate and tungstate was inhibited competitively by sulfate, and similarly was
highestin the lower ileum of the rat. K, values for the transport of these ions were of the
same order of that for sulfate, but the V,,,, values were slightly lower. Similar transport
phenomena were observed by Mason and Cardin in pieces from sheep intestine,’
Recently, the sulfate transport in a marine gastropod, Aplysia californica intestine has
been studied.*

The existence of sulfate transport across frog gastric mucosa has been suggested but
has not been further substantiated.’ Other sulfate carrier systems, such as occur in the
erythrocyte, will be discussed in Section VI.

IV. GENERATION OF INORGANIC SULFATE FROM CYSTEINE AND
METHIONINE

Mast, if not all, of the sulfate requirements of mammals can be met with methionine
and cysteine, ingested with the food in the form of proteins.?” To this end, the -SH group
of cysteine is oxidized, resulting in the release of SO-. Methionine ¢an be converted
into cysteine by transsulfuration. Reviews on the various aspccts of conversion of sulfur
in the amino acids into inorganic sulfate are available.** Here, the relevant data will be
~ discussed only briefly.

The transsulfuration pathway, converting methionine into cystcine, proceeds
according to the scheme shown in Figure 2.* Influences of the diet, hormones, age, and
many other details on this pathway can be found in a review by Finkelstein.>® Patients
with a genetically deficient cystathionine synthesis have been described (see Finkelstein ¢
for a review),

Through oxidation, cysteine is converted into alanine 3-sulfinate (Figure 3), presumably
by cytosolic enzymes;* a dioxygenase incorporates both atoms of molecular oxygen into
the substrate. Subsequently the sulfinate is transferred to the mitochondria and reacts with
2-oxoglutarate or oxaloacetate by transamination.*? The 3-sulfinopyruvate spontaneously
decomposes to sulfite. In the rat nicotinamide, hydrocortisone, and cysteine enhanced the
cytosolic .dioxygenase activity by an as yet unknown mechanism (Referance 43 and
references therein).

Inthe rat, deprivation of sulfur-containing amino acids cuuses a dramatic decrease in the
urinary excretion of inorganic sulfate, decreasing to near zero, shortly after beginning the
sulfur-free diet.“* The excretion of “cthereal” sulfate, though also decreases, continued
long after free sulfatc had virtually disappeared from the urine. At least 50 mg of
methionine-sulfur per kilogram per day was required to sustain a positive growth rate and
a positive sulfur balance. At that level however, inorganic sulfate in urine was still much
below control. Yet, the urinary excretion of sulfate esters was about normal. Not only
methionine, but also homocysteine could be used to provide sufficient sulfur to the rats.
Further studies on methionine utilization have been reported by Almquist.* Uren et al.*’
have tried to decrease cysteme avallablhty in vivo by injection of cyst(e)ine degrading
enzymes in the rat; an i.v. injection of y-cystathionase was briefly effective, and the

y-cystathionase inhibitor propargylglycine prevllted this.
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Methionine + ATP

®

S-adenosylmethionine -

®

S-adenosylhomocysteine

®

homocysteine

@ l/,+ serine

cystathionine

®

NHZ + cysteine + 2-oxobutyrate

FIGURE2. ‘Thecystathionine pathway. Enzymes in the scheme:
1. ATP : L-methioninc S-adenosyltransferase (EC 2.5.1.6). 2.
S-adenosyl-L-methionine : L-homacysteine  S-methyltransferase
(EC 2.1.1.10.). 3. S-sdenosyl-L-homucysteine hydrolase (EC
1.3.1.1.). 4. Cystathlonine B-synthictase (EC 4.2.1.22) (v-serine
hydrolyase, adding homucysteine). 5. 1-Cystathionine cysteine-
lyase, deaminating (EC 4.4.1.1.).
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FIGURE 3. Sulfoxidation of cysteins to inorganic sulfate. The
enxymoes involved are 1. A cysteine dioxygenase (EC 1.13.11.20.),
2. Cysteine sulfinate transaminase, 3. and 4. are nonenzymatic,
rapid steps, 5. Suifite oxidase (EC 1.8.3.1). Abbreviations:
2-gx0G, 2-oxoglutarate; OAA, oxaluucetute.

So far there are only few studies on the effect of deleting the sulfur-containing amino
acids from the food in man. In such a trial, Lakshmanan et al.*® found the expected
decrease of the urinary excretion of inorganic sulfatc and methionine; surprisingly
however, the plasma concentration of methionine was not yet decreased 8 days after the
start of the diet. During this time period, the sulfate excretion in urine was decreased by
approximately 65%. Yet, some inorganic sulfate was still found. Thus it seems that protein
catabolism can provide for cysteine and methionine during some time; inorganic sulfate
may be released from tissue pools by catabolism of various compounds such as
glycosaminoglycans. Unfortunately however, the plasma levels of inorganic sulfate were
not determined.** The fact that still inorganic sulfate was found in urine suggests that the
plasma level may not have been appreciably decreased (see Section VI).

The relationship between sulfur-containing amino acids in the food and urinary
climination of inorganic sulfate has been ‘investigated in man by Sabry et al.** Under
conditions where these amino acids were limiting, they observed a linear relationship
between intake of cysteine and methionine on one hand, and excretion of inorganic sulfate
on the other. When they increased only methionine at a constant supply of the other amino
acids, a higher percentage of this methionine was converted to inorganic sulfate, indicating
that the bady eliminated the surplus in methionine by sulfoxidation. Parallel to these
findings, Lakshmanan et al.* reported that limiting threonine in the diet, resulted in a
significant increase in the urinary excretion of inorganic sulfate. This finding thus suggests
that an increased excretion of inorganic sulfate might be an indicator of an unbalanced
dict.*' The available literature, however, suggests that under normal conditions, the
sulfur-containing amino acids in the food provide sufficient inorganic sulfate for the
various sulfation reactions in the body, by oxidation of cysteine 29

Sulfite is the penultimate product of the oxidation pathway of cysteine to sulfate. The
pharmacokinetics of (i.v. administered) sulfite have been investigated in several
mammalian species.** In most species it is rapidly converted to sulfate; the sulfitc
oxidase activity however, may be rate limiting at high doses of sulfite. An inverse
correlation between sulfite oxidation and bisulfite toxicity in rabbit, hamster, guinca
pig, mouse, and rat has been found:* the highest rate of the oxidase is observed in the
rat, which is least sensitive to sulfite toxicity. Superoxide anions may be involved in
sulfite oxidation.”

Recently, two patients with an inherited disease of sulfite oxidation have been
described, in whom the sulfite oxidase activity was extremely low or not present. Mudd
et al."4 clearly demonstrated a defective sulfite oxidase in a patient that died at 2%

years of age. The child had many ncurc%l_aﬁjrmalitics at birth, such as severe
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mental retardation, scizures, and opisthotonos. Increased amounts of sulfite,
thiosulfate, and an abnormal amino acid, S-sulfocysteine, were found in urine., In
post-mortem liver, kidney, and brain no sulfite oxidase activity was observed.# Two
more patients were reported in 1977.¢ When a diet low in sulfur-containing amino acids
was introduced, there was some physical and mental improvement. In retrospect, it
might have been worthwhile to add some inorganic sulfate, to ensure a sufficient supply
for sulfation reactions; then cven less snlfur-containing amino acids might have been
given. It seems that the latter patients had a less complete block of sulfite oxidase than
the patient reported by Mudd et al,,* because about 50% of total sulfur in urine was in
the form of inorganic sulfate, whereas Mudd's patient cxcreted almost no sulfate at all.
This genetic defect in sulfur metabolism has been extensively reviewed by Finkelstein
who also discussed scveral more genetic deficiencies in sulfur metabolism in man.
Despite the occurrence of this genetic deficiency in the handling of sulfite, inorganic
sulfite salts have been considered relatively safe as food additives.®

Finally it should be mentioned that methionine in the food is an important source of
“activated” methyl groups, and that cysteine is required for glutathione synthesis, and
in many species is the only precursor of taurine. An early review on many aspects
discussed in this and the following section appeared in 1966.%

V. NUTRITIONAL ASPECTS OF INORGANIC SULFATE FEEDING

The potential growth-promoting effect of sulfate feeding in chickens, sheep, and
several other species has extensively been investigated (see for reviews References 4
and 65). The assumption is that a sufficient supply of inorganic sulfate in the food might
decrease the need for sulfoxidation of cysteine; thereby, more cysteine and methionine
wounlld he available for protein synthesis, resulting in increased growth. Therefore, the
effect of various dietary sulfate salts on growth rates has been determined in a variety of
species. In the chicken, hoth a growth-promoting and a growth-inhibiting effect was
observed, depending on the sulfate salt used and other conditions.®# [n sheep a positive
sulfur balance is of economic importance, since wool contains a high percentage of
sulfur-containing amino acids. Sulfate feeding promotes growth in sheep.#" A similar
cffect has been observed in pigs and cattle; ™ 2500 mg sodium sulfate per liter is well
tolerated by cattle in the drinking water for a period of at least 90 days.” Also in young
men, the addition of inorganic sulfate to a diet of soybean protein caused an increase in
the nitrogen retention, most likely by a sparing effect on growth-limiting sulfur.con.
taining amino acids.” ,

In the rat, some more detailed experiments have been performed in order to
determine the mechanism of the growth-promoting effect. Smith™ has determined the
production of “CO, from [1.*C]-labcled methionine in the food of rats, in the presence
and absence of 0.02% (w/w) inorganic sulfate. A significant decrease in “CO,
production was observed when sulfate was fed, as compared to controls, indicating a
decreased demethylation of methionine, presumably because less sulfoxidation was
required. Thus, more methionine might be available for protein synthesis. Indced a
small increase in feeding cfficiency has been observed in the rat by the addition of
sodium sulfate to the food.'’ Of course such a growth-promoting cffect can only be seen
if the basic diet has a very low natural nonprotein sulfur or inorganic sulfate content,
James and Hove” found only growth promotion by sodium sulfate in the food in rats
when a commercial casein diet was extensively washed with water at pH 8.5; by this

* procedure they decreased the inorganic sulfate coutent fioin 0.074 1w 0.003%, and only

then did they observe the growth-promoting effect. Since in inany of the studies on the .

efficiency of inorganic sulfate feeding the || I ri anic sulfate content of the various diets

-

o 1 —— o ® o e i g v e & A

PRSP

14/27

255



40 Sulfation of Drugs and Related Compounds

was not reported (and since data on sulfate utilization and absorption usually are
lacking),* it is often hard to evaluate the effects in terms of sulfate availability in blood
in the animals. In conclusion however, the available data show that under conditions in
which sulfur-containing amino acids arc growth-limiting, inorganic sulfate feeding may
have a growth-promoting effect, most.likely because it increases the availability of the
sulfur-containing amino acids for protein synthesis by decreasing the need for
sulfoxidation. Although inorganic sulfate salts are relatively nontoxic and may be fed
for prolonged periods of time, other changes may occur. For example sheepona 1.27%
(wiw) sodium sulfate monohydrate diet acquired bacteria in the ruminal fluid that
produced more propionic-, butyric-, and higher fatty acids and less lactic acid than the
gut flora in controls,»

Gut bacteria especially in ruminants may use inorgaric sulfate for the synthesis of

cysteine.“™* The gut bacteria reduce inorganic sulfate to sulfide, which subsequently is
converted with O-acetylserine to cysteine.¥ Methionine can be synthesized from
cysteine by further metabolism to cystathionine. ¥ This reduction of inorganic sulfate
requires the intermediary synthesis of adenosine ¥'-phosphate 5'-sulfatophosphate
(PAPS), which is further reduced. .

Mammalian tissues lack a sulfate reducing system % In germ-free rats therefore, no
incorporation of sulfite or sulfate into amino acids or protein takes place. When in
normal rats inorganic sulfate is fed, some sulfur may be incorporated into protein as a

result of bacterial action. If sufficient sulfur-containing amino acids are present, -

however, the bacteria utilize these instead of synthesizing them from inorganic sulfate.

VL. SERUM CONCENTRATION, DISTRIBUTION,
AND ELIMINATION OF INORGANIC SULFATE

There are wide variations in serum concentration of inorganic sulfate in various
species” (Table 2), as measured by the turbidimetric method, according to Berglund
and Sorbd.* In man, serum concentrations have been reported between 0.15 and 0.5
mM, with a mean of about 0.3 mM, clearly lower than in most other mammalian
species.®#% Genetic factors may be involved in the species differences, but also large
variations in serum sulfate concentration are to be expected, due to different feeding
habits in animals and man. When rats are fed a standard diet, the variations are rather
small.¥

Meier and Schmidt-Kessen® have reported a circadian rhythm in the serum sulfate
concentration in man with slightly higher levels at night than during daytime. A rather
steep rise occurred between 3 and S p.m. Krijgsheld et al.¥ observed a circadian rhythm
alsoin rats; a peak in the serum sulfate concentration occurred in the afternoon (Figure
4), and a rapid fall between 6 and 10 p.m. was coincident with the turning off of the light
and resuming of the activity of the animals.

The serum sulfate concentration is a halance between absorption of inorganic sulfate
and its production from cysteine, and sulfate elimination by (mainly) urinary excretion

and incorporation into low molecular-weight substrates of sulfation. The serum sulfate

concentration is primarily regulated by the kidneys, because below a certain threshold
inorganic sulfate is completely reabsorbed from the primary urine in the proximal
tubule.® If the sulfate concentration in serum increases above that threshold, urinary
excretion will be increased. For that reason, high i.v. infusion rates of sodium sulfate
result in an osmotic diuresis. Tubular secretion of sulfate has been considered” but
seems of little importance in those species where it has been investigated. The urinary
excretion mechanisms for sulfate have been reviewed by Mudge.®

In view of the above findings it is not ve:i sui rising that a great variation in urinary
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Table 2
SERUM SULFATLE CONCENTRATIONS IN VARIOUS SPECIES

Inorganic sulfater

Specles Sex {(mAf) Ref.
Man m/l 0.1 Sce text, 87, 152
Monkey m/A 046 + 0.10 87
Rat )

Wistar m 0.77 £ 0.04 7

Brown Norway m 0.82 = 0.02 : 87

WAG m 0.72 « 0.02 87
Mouse -

Swiss m 1.26 = U.12 #?, 152

C57 R/l ? 1.00 = 0.09 152
Guinen pig m/f 0.84 r 0.04 87
Rahbit m 2.01 = 0.13 87
Cat ( 0.68 + 0.03 87
Dog f 1,39 = 0.12 24
Shecp f 1.24 = 0.10 87
Goat ( 243 ) . 87
Shetland pony f 1.06 87
Pig { 0.75 = 0.03 87
Cow { 1.80 87
Hen f 1.82 £ 0.32 87
Rooster m 2.41 = 0.13 87
*Mean = §.E.M. or S.D.

)
-
o
)

serum sulfate (mM

8 12 16 20 2L 04 08
time of day

FIGURE 4. Circadian thythm of serum su'fatc in fed rats. Serum sulfate was
determined wrbidimetrically in blood collected fram the aorta or the heurt of rats
anaesthiesized with ether.® ‘The rata had free access w0 food und water. Means =

S.E.M. are given of 10 rats at cach im.\‘)l'he lights-on perind was from 7 a.m. tili 7
.m,
“ 201
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output of inorganic sulfate is observed. First of all, it will be dependent on sulfate

consumption and production. Secondly, the “sulfo-stat” in the kidneys will determine
the rate of sulfate excretion in urine. Finally the blood flow to the kidneys is important:
the lower the blood flow, the lower the urinary climination. In man, the urinary
inorganic sulfate excretion rate is about 20 to 25 mmol sulfate per 24 hr; B39 gligh |y
lower values were reported for women than for men.* In children lower values were
found:* about 18 mmol/24 hr for boys of 6 to 14 ycars of age, and 7 to 10 mmol/24 hr for
girls of the same age. Considering the body weight of the children as compared to
adults, it seems that their urinary excretion rate of inorganic sulfate is rather high. No
data are available on age-dependent fluctations in serum sulfate levels and urinary
excretion of inorganic sulfate. Upon fasting, the urinary exeretion of inorganic sulfate
tended to increase.® :

Sabry et al.® obscrved a linear relationship between intake of sulfur-containing
amino acids and urinary excretion of inorganic sulfate in man. Their results suggest that
a surplus of cysteine or methionine is oxidized to inorganic sulfate. In agreement with
these findings, Simmons™ observed very low urinary inorganic sulfate levels in African
children in a rural area as compared with an urban area. These findings correlated with
a methionine-deficient diet in the rural area. ,

Very little data have been reported on the urinary excretion of inorganic sulfate in
animals, and with the data that are available one has to keep in mind that there may be
large variations because of differences in diet. For example, O'Connor and Summeriil*
found a basal excretion level of 300 wmol inorganic sulfate per hour in dogs (11 to 16 kg
body weight). If these dogs were fed 10 g of meat per kilogram, however, this increased
to 2400 pmolhr, illustrating the effect of the diet. In fasted rabbits Bray et al.w
measured an excretion rate of about 60 rmolhr per rabbit. In the rat (body weight 250
to 300 g, males, nonfasted) about 18 nmol/hr was reported.” This value was confirmed
by Bilch et al.,” who compared the urinary excretion of inorganic sulfate in the rat and
in male human volunteers. Their human volunteers excreted about 1000 pmolinorganic
sulfate per hour (body weight 70 kg?), whereas the rats excreted 15 pmol/hr (body
weight 250 to 300 g). This means that the excretion rate of inorganic sulfate on a
weight-base in the rat is about four times that in man.

A high sulfate requirement for sulfate conjugation of administered paracetamol in
the rat caused an almost complete disappearance of inorganic sulfate from urine.* The
amount (expressed in pmol) of esterified sulfate (paracetamol sulfate) that appeared in
urine was slightly higher than that of free inorganic sulfate excreted in controls. The
latter suggests that a decrease in plasma sulfate may have occurred due to its depletion
by sulfation of paracetamol. In human volunteers, a similar decrease in the urinary
excretion of sulfate was found after paracetamol administration, although it was not as
complete as in the rat presumably because the dose of paracetamol was much lower.
These findings demonstrate that substrates for sulfation are another factor that affect
urinary excretion of free sulfate.

The main routc of elimination of sulfate in blood is urinary excretion;*2100 biliary
excretion is of little importance.'™® Bird™ found only 6 10 8% of the radioactivity of
{*S]-labeled sodium sulfate in combined bile and pancreatic secretions in sheep,
whereas 63 to 76% of the dose was recovered from urine. In a study in the isolated
perfused rat liver, a slow rate of biliary excretion was also found: ™ at low coneentration
of suifate in the perfusion medium (about 0.03 mAf), the concentration of radioactivity
in hile was higher than in the perfusion medium, burt at 0.6 and 1.3 mM in the medium,
the concentrations of radioactivity of inorganic sulfate in bile and in medium were
equal. In an autoradiographical study'™® however, a significant amount of radioactivity

was found in the intestinal lumen of the _after intravenous injection of
€D
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[*S}-sodium sulfate. Kennedy ct al.™ established that some of intravenously
administered [“S]-sodium sulfate in sheep was excreted in the stomach and metabolized
by the ruminal flora. Would secretion by the stomach mucosa into the gut play a role?

The distribution volume of inorganic sulfate in the body (“sulfate space™ or
“radiosulfatc space™) is an important parameter in studies on the pharmacokinetics of
administered sulfate, and may be used 10 determine the physiological, endogenous
sulfate pools. In addition, physiologists have used the radiosulfate space uas a measure of
the distribution velume of extracellular water. Different types of pharmacokinetics will
be obtained with unlabeled and a tracer dose of [#S]-labeled sulfate because of at east

two reasons. In the first place an i.v. injection of a large dose of unlabeled sulfatc,.

required to increase the scrum concentration sufficiently in order to make this type of
study possible, will increase the plasma concentration considerably above the
absorption threshold in the kidney tubuli. Thercfore, a rapid initial elimination will take
placc and this will lead 10 a correspondingly short halflife component in the eliminatory
pattern of sulfate. A tracer dose of [S]-sulfate, labeled at high specific radioactivity, on
the other hand, does not increase the total serum concentration of inorganic sulfate, and
therefore will lack this rapid component. [n the second place, if radio-labeled sulfate is
used, the [¥S]-labeled sulfatc will exchange with various (e.g., cellutar) unlabeled
sulfate pools. If unlabeled ions exchange with unlabeled jons, there is no net shift of

sulfate from serum to cells or vice versa, but if a labeled ion in blood exchanges with .

unlabeled sulfate in cells, the radioactivity in blaod decreases. Therefore, this effect will
add a component to the elimination of [%$)-sulfate as compared with unlabeled sulfate,
where this self-exchange is not measured. Furthermore, in studies with [#S)-labeled
sulfate, usually no distinction has been made between inorganic sulfate and conjugated
sulfate in the plasma samples: radiactivity in plasma has becn counted indiscrimi-
nately. Of course most of the radioactivity will usually be present in the form of free
sulfate, but under certain unfavorahle conditions this may be different, for instance in
patients with a high consumption of drugs that are metabolized by sulfate conjugation.
If the pharmacokinetics of these conjugates are much different from that of frec sulfate,
the results in these patients must he misleading. In practice, so far only the
pharmacokinetics of [*S]-sulfate have been studied in scveral species, inclnding man,
where it has some clinical value. Usually, the tracer dose is injected intravenousty, but it
may also be administered orally." Since a tracer dosc of [5S}-sulfate is not very rapidly
exereted as long as plasma sulfate remains below the threshold for resorption, it may
reach equilibrium and give a good estimate of the radiosulfate space. An indication of
the time required for equilibrium may be the finding that after approximately S hr, the
concentration in ascites fluid in man had equilibrated with the plasma concentration of
[»S]-sulfate." Clearance of [*S]-sulfate in man was 35 m/min (per 1.73 m?surface area)
and the distribution volume was 14.6% of body weight, with a range of 11.51020.99% .
In dogs a higher distribution volume was found: 20.1% of body weight, with much less
variation, probably because only a small proportion of their body weight is fat tissue.
This value for the dog was confirmed, using nephrectomized dogs.™ The distribution
volume of radiosulfate slowly increases as a function of time after injection.™ This may
be due to slow penetration into cells, exchange of radiosulfate with unlabeled sulfate in
cells, and incorporation into endogenous macromolecular compounds. These findings
were confirmed in man by Ryan et al."® who used a slightly different method and found
distribution volumes of 19.1 and 16.7% of body weight, respectively, for young soldiers
and sedentary young males, and about 15% for elderly men and women. As is to be
expected, various discases affect this volume of distribution: during severe dehydration
it may be decreased to 7% of body weight, and in patients with ascites, values of 23 to
26% have been reported." [n healthy humanwolunteers, Bauer* found a radiosulfate
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space of 15.3% after oral administration of radinsulfate, and 16.8% after its i.v.
administration.

In the rat, the radiosulfate space was calculated to be 34% of body weight by Sheatz
and Wilde."* In the liver, the same percentage of the tissue was available to radiosulfate,
but in muscle only 12%. The blood cells equilibrated very rapidly with plasma
[*S}-sulfate, and the ratio between the concentration inside and outside blood
corpuscles was .44, Barratt and Walser reported a ratio of 0.35 for erythrocytes, '
Later it was shown that in calves™ and in the rat, the volume of the sulfate space was
time-dependent: in the rat it was 23.6 + (1.2 x t) percent of body weight, where ¢
indicates hours after i.v. injection of the radiosulfate, ™ This may explain why much
higher volumes have been reported, such as 34.6% of body weight in the rat: this was
calculated from a single blood sample taken 3 hr after injection of [*S)-sulfate in
nephrectomized rats," The radiosulfate space in various tissuc in the rat is given in
Reference 105; an unkpown part of the radioactivity in cach tissue may have been
incorporated in small conjugates or in macromolecules. The fractional distribution of
total body sulfate has been calculated by Barratt and Walser' from the radiosulfate
distribution at equilibrium.

Finally, Douglas et al." have pointed out the importance of obtaining the complete
plasma disappearance curve for radiosulfate, and not just the final phase, hecause
analysis of the entire curve allows scparation and measurcment of each component of
the elimination process. In the dog, both with intact and ligated kidneys, they obscrved
the same sulfate space, namely about 17% of body weight. Further detailed analysis
have been made in man with various discases.”

VII. AVAILABILITY OF INORGANIC SULFATE IN BLOOD FOR
INTRACELLULAR SULFATE POOLS; CARRIER TRANSPORT OF
INORGANIC SULFATE

Since sulfation processes probably occur in all tissues in the-bady, snifate must be
available in the cells in each of them. Apart from the possibility that in some of the
tissues this sulfate is provided exclusively by oxidation of cysteine, the possibility that
inorganic sulfate in blood is used should be considercd. Tt is generally assumed that
membranes are virtually impermeable to sulfate jons by diffusion. This idea is
supported by studies on sulfate permeation in erythrocyte ghosts, in which only a
carrier-mediated transport of sulfate has been observed. In this experimental model the
kinetics of sulfate transport have extensively been studied; the Question remains, of
course, whether the conclusions from these studies can be extended to other cell types,

In bricf, the results indicate the involvement of a cartier protein embedded in the cell
membrane, that catalyzes the self-exchange of sulfate, and its exchange with
chloride, e Many other anions, for instance chloride, compete for the same transport
process. The rate of chloride self-exchange, however, was about 20,000 times larger
than sulfate self-exchange.'® Differences in properties and affinities of hoth chloride
and sulfate transport have been found for the inner and outer membrane surface in
erythrocyte ghosts, suggesting asymmetry of the transport system.,!=»

The sulfate transport system can be saturated with sullate, and the rate of transport is
pH-dependent: the flux decreases when the pH of the medium is increased from 6.5 to
8.5.12 Several sulfonic acids irreversibly inhibit sulfatc self-exchange in erythracytes.
Zaki et al." analyzed proteins of the red cell membrane after solubilization by SDS
polyacrylamide gel elecirophoresis after these had been labeled with radioactive

dinitrofluorobenzene (DNFB). When thcil'iubated the cells with DNFB in the
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presence of 4,4'-diacetamide-stilbene-2,2'-disulfonic acid, they prevented labeling with
DNEB of only one protein band, At the same time, the irreversible inhibition of sulfate
transport by DNFB was prevented. Thus it was postulated that this protein band might
be associated with the sulfate carrier. This carrier protein is only digested by trypsin
when this protease is included internally in crythrocyte ghosts,”™ or when inside-ont
vesicles were prepared.™ Its amino acid sequence is under investigation."* Even when
the carrier protein is split into two major peptides, sulfate exchange is not completely
lost.'® Erythrocytes from every species studied were sensitive to the action of the
protease pronase, and lost their sulfate transport activity.™

By treatment of erythrocyte ghosts with the detergent Triton® X-100, smaller
vesicles can be prepared which still contain the carrier protein and ¢an accumulate

anions.'" The carrier protein has been purified and incorporated into vesicles prepared
~ from egg phosphatidylcholine; when erythrocyte lipid, cholesterol, and glycophorin
were added, the reconstituted band 3-protein catalyzed sulfate transport into these
vesicles. This transport was sensitive to pyridoxal phosphate-NaBE,, a potent inhibitor
of anion transport in red blood cells.!¥ For further characterization of this carrier and its
propérties, a series of sulfonic acid derivatives of some isocyanates has been used with
human red cells. These compounds competitively inhibited sulfate exchange initially,
whereas upon incubation for a longer period of time, irreversible inhibition occurred. 1
Depending on the sulfonic acid used, from approximately 4 to 34% of the sulfate efflux
was resistent to this inactivation for some as yet unknown reason. The mechanism of
thisirreversible inhibition is supposedly covalent binding of the sulfonic acid derivatives
to the sulfate carrier system or to some protein in its immediate ¢nvironment. The
presence of a “transport site™ and a “madifier site” has heen suggested to explain the
competitive and noncompetitive inhibition characteristics by a number of compounds.
Recently, reversible inhibition of anion transport in human erythrocytes by
tetrathionate has been reported; this inhibitor was only effective from the outside.!»
The authors suggest that it is bound to the “modifier site." This inhibitor is of interest
because it is not an amphiphilic compound as the other sulfonic acid inhibitors are,
Recently, Grinstein et al.™ presented some evidence that the band-3 carrier protein
might contain a mobile transport element that moves from the extracellular surface to
the ¢ytoplasmic face.

The sulfate exchange is strongly inhibited by relatively low intracellular calcium
concentration,”’” whereas extracellular caleium does nat affect the transport rate,
Magnesmm weakly activated sulfate exchange, but did not interfere with the calcium
bindingsite. The K, for intrz cellular calcium was only abont 6 M, whereas the apparent
dissociation constant for magnesium was 4 ;£M. Since the free calcium concentration in
erythrocytes is only of the order of 0.2 to 0.7 uM, the inhibition by calcium may be of
doubtful physiological significance, and may be only relevant under some pathological
conditions.”” A number of anions inhibit sulfate self-exchange in red cells; 2 the order of
potcncy is NO; > Cl- > acctate and oxalate > HPQOZ- A recent review on the propertics
of the anion transport system of red blood cells is available.'»

Much less work has been done with other cell types. Some data, hawever, are

available on ascites tumor cells.™'™ “The findings with these cells are very similar to
those with red cells: a carricr system catalyzes the sulfate exchange with a K, of 2 mM
for sulfate. In incubations with [%S]-labeled sulfate at the outside of the cells, and
unlabeled sulfate inside, the uptake of [#S]-sulfate is enhanced when the ascites cellsare
preloaded with high sulfate concentrations, presumably because of a high exchange
rate. High chlotide concentrations inside the cells also stimulate sulfate uptake,
probably through sulfate-chloride exchange. The Cl-/SO!- exchange has u stoichio-
metry of 1:1.% If chlonide is present at me surface as sulfate, it inhibits sulfate
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uptake by the cells, and sulfate can inhibit C1- self-cxchange. This carricr is apparently
relatively unimportant for chloride transport, since 94% of chloride uptake is provided
by sulfate-independent transport; later findings, however, were interpreted by
Levinson such that Cl- and SOJ' share a common transport mechanism which is
separatcly and differently influenced for Cl- and SO!- respectively.” The same
pH-dependence of sulfate exchange was observed as was found with red cells: the flux
decreased at higher pH values. Moreover, the pH seemed to determine the steady state
ratio between intracellular and extracellular sulfate concentrations in the ascites cells:
at pH 8 this ratio was about 0.5, whereas at pH 6 this ratio was about 0.85. The
extracellular chloride concentration also affected this ratio with higher values at low
chloride (30 to 35 mM) than at high chloride (130 to 150 mM): differences were 20 (o
40% between these extremes. In studics on PH and chloride dependence of sulfate
exchange, these effects should be kept in mind because they influence the stecady-state
intracellular sulfate concentration, and thereby, the sulfate exchange rate indirectly.

Sulfate transport by vesicles isolated from the brush-border membrane of rat-kidney
cortex has been studied by Licke et al.' They conclude that an electroneutral
Na*/SOi- cotransport 'is catalyzed by thesc vesicles. Sodium ion was the only
monovalent ion that catalyzed the sulfate transport. This carrier transport evidently is
much different from that in erythrocytes. It is not inhibited by chloride, or known
inhibitors of the erythrocyte anion transport systcm. Low concentrations of HgCl,
almost completely inhibited this transport.

Itis quite clear that intravenously or intraperitoneally injected inorganic sulfate (for
which [%S}-labeled sulfate conveniently has been used) is taken up by many tissues since
it is incorporated in many tissucs into cellular macromolecules or small molecules.
However, usually the rate of uptake and the extent of uptake in these tissues has not
been determined. Only in the case of the liver are some data available. Mulder and
Scholtens' determined the rate of incorporation of intravenously injected [*S])-labeled
sodium sulfate into harmol sulfate, a low molecular-weight sulfate ester that is mainly
synthesized in the liver and excreted in bile and urine in the rat. No lag-phase for the
incorporation of [¥S]-sulfate was found, suggesting that sulfate in blood is immediately
(i-e., within 1 min) available for sulfation in the liver. Moreover, their data also suggest
that the specific radioactivity with which sulfate is incorporated into harmol sulfate
follows the specific radioactivity of sulfate in blood. This confirms that there is (almost)
no barrier for uptake of inorganic sulfate by the hepatocytes, as suggested by carlier
results of Herbai' in mice where a rapid cquilibration of sulfate in blood with the
hepatic pool was found.

Often more detailed data on uptake of sulfate by a tissue are lacking because these
data are best obtained using isolated cells, which cannot be obtained from every tisuse
as eusily as from liver (although even with isolated hepatocytes this type of study has not
yet been performed). An alternative preparation in which rates of uptake can be
determined is the isolated perfused organ. When the isolated perfused rat liver is
provided with various concentrations of inorganic sulfate in the perfusion medium,
there is no first pass effect for sulfate. It scems that sulfate rapidly cquilibrates with the
hepatic intracellular sulfate pool. Even at extremely low concentration (about 0.03
mM) it is only slowly eliminated from the perfusion medium by the liver through
cxcretion in bile and presumably, incorporation into compounds in the liver. Mulder
and Keulemans' calculated from their data that the sulfate concentration in the liver
(of the sulfate pool available for sulfation of drugs like harmol) was of the same order of
magnitude as the plasma concentration, i.e., about 0.8 mA4. In this calculation it has
been assumed that the sulfate space in the liver was 50% of its weight. If the value
determined by Barratt and Walser® s correct, namely 36% of liver weight, the
concentration in that compartment “be-glightly higher than in serum,

ya
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[n a study in the dog, an extracorporeal system has been used to perfusc the cerebral
circulation in situ,"* and the unidirectional flux of sulfate and various other substances
into brain was measured. Only slow uptake of sulfate was found, which confirmed the
finding by Dziewiatkowski.” This author determined that only after 20 hr the
concentrations of radioactivity in plasma-and brain tissue in the rat were about the
same. Ovine brain synaptosomes take up sulfatc by a saturable mechanism with aK, of
4.4 mM that is inhibited by p-hydroxymercuribenzoate. -

The placenta offers no barrier to sulfate passage, which is not surprising since sulfate
is required for the synthesis of many substances needed for growth and regulation of the
fetus. Several investigations have shown that [* S}-sulfate is rapidly passed to the fetus,
and is incorporated into various tissues, such as cartilage B.a

Intracellular sulfate may be taken up by subcellular organelles. Rat-liver
mitochondria rapidly take up inorganic sulfate, catalyzed by the dicarboxylate
carrier;"*™similar findings were reported for corn mitochondria. ' As yetitis not clear
whether some organelle(s) may accumulate inorganic sulfate.
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